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Description 

Hrnss Reference to Re lated Apolications 

5 [0001] This invention was made with Government support under Grant R01 CA51397 award by the National Insti- 
tute of Health. The Government has certain rights in the invention. 

Technical Field 

10 [0002] The present invention pertains generally to the field of radiation detecting devices and. more particularly, to 
the field of real-time digital radiation imaging devices. 

Background Art 

15 [0003] There are several instances in modern megavoltage radiotherapy and diagnostic x-ray imaging where real- 
time Imaging of high energy photons is a highly useful and critically important technique. 

[0004] In external beam megavoltage radiation therapy, high energy beams of gamma rays or X rays are used to 
in-adiate a target volume containing tumorous tissue. These high energy photons are typically obtained from either a 
radioactive 60-Co source (1.17 MeV and 1 .33 MeV gamma rays) or produced by means of an accelerator which gen- 

20 erates x-ray bremsstrahlung photons beams with energies from 3 MV to 50 MV. In such therapy, it is highly desirable 
that the maximum dose be delivered to the target volume and the minimum dose be delivered to the sun-ounding tissue. 
Prior to treatment, which typically consists of irradiating the patient on a daily basis for several weeks, the patient under- 
goes a number of preparatory steps in order to identify the region to be irradiated and to determine a "treatment plan" 
specifying exactly how this irradiation Is to be performed. Often, one of these steps is to place the patient on a "treat- 

25 ment simulator", which simulates the motions and geometry of the therapy machine, and which provides fluoroscopic 
and radiographic diagnostic x-ray images of the patient. The simulator thus provides a means to simulate a treatment 
to a patient using diagnostic x-rays in place of megavoltage radiation. During simulation, the fluoroscopic x-ray images 
provide a real-time means of simultaneously observing patient anatomy while the patient position is manipulated. In this 
fashion, a desired patient orientation with respect to the simulated treatment beam is achieved. After simulation, x-ray 

30 images recorded during the simulation can then be used to develop a treatment plan for the patient. The goal of this 
treatment plan is to decide exactly how to perform the actual treatment, i.e., what geometric and dosimetric combination 
of megavoltage beams to use to satisfactorily irradiate the target region but spare the surrounding normal tissues. Once 
a treatment plan has been determined, often with the assistance of a computer which allows, among other things, 
manipulation of the simulation information as well as CT or other imaging information, the patient is typically taken back 

35 to the simulator for a verification-simulation in order to verify the geometric con-ectness of the plan. 

[0005] When the patient is brought into the treatment room, it is highly desirable, prior to treatment, to verify that 
the orientation of the patient with respect to the treatment beam closely coincides with the setup achieved in the simu- 
lator room. Once verified, the prescription dose can be delivered to the target volume. The achievement of this goal is 
complicated by the fact that the patient anatomy moves due to both voluntary and involuntary patient motions. Such 

40 complications encourage the possibility of delivering too little dose to the target region and/or overdosing the surround- 
ing tissues. In addition, for treatment machines which use a computer controlled scanning treatment beam, there is the 
additional uncertainty of whether the beam is correctly directed on a burst by burst basis. 

[0006] The above problems can be overcome by real-time imaging of the megavoltage photon beam. Several real- 
time imagers are being developed around the world. A real-time megavoltage Imager has been developed by H. 
45 Meertens at the Netherlands Cancer Institute in Amsterdam which is disclosed in European Patent Application 
0196138 which corresponds to U.S. Patent 5.019.71 1 . The Meertens' device operates on the principle of a scanning 
liquid ionization chamber. However, the Meertens' device is able to detect the imaging signal only over a fraction of the 
field of view at a given time. 

[0007] Radiation detecting devices are taught in Hynecek, U.S. Patent 4.679.212; Luderer et aL. U.S. Patent No. 
so 4.250.385: DiBianca. U.S. Patent 4.707.608; Haque. U.S. Patent No. 4.288.264; Kruger. US. Patent Re. 32.164; 
Barnes. U.S. Patent 4.626.688: and DiBianca et al., U.S. Patent No, 4.525.628: however, these detectors do not make 
possible real-time imaging for megavoltage photons. 

[0008] Efforts to develop imagers based on camera-fluoroscopy combinations have produced images of greatiy 
varying quality at rates ranging from four images a second to one image every eight seconds. Such systems have the 
55 merit that they are able to detect the imaging signal over the entire field of view simultaneously. However, a camera's 
expensive and delicate imaging electronics would be irreversibly damaged after approximately 10 to 130 kilorads of 
dose. Thus, a mirror is used to reflect the light produced by a metal-phosphor screen combination to a camera sitting 
outside of the direct radiation field. This makes necessary the presence of a bulky light box located in the vicinity of the 
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treatment table where such obstructions are highly undesirable. Furthermore, as the camera is located 2 to 3 feet from 
the screen and as the target of the camera is small relative to the screen, only a very small amount of light emitted by 
the screen is utilized by the camera, less than 1%. Consequently, the image quality is limited by the light collection stage 
rather than by the high-energy quanta detected in the metal-phosphor screen which results in images that are less than 
5 Optimal. 

[0009] Recently, another camera-f luoroscopy megavoHage imager consisting of tightly packed, tapered, optical fib- 
ers has been reported in Int. J. Radiation Oncology Biol.. Phys., Vol 18, pages 1477 to 1484. The fibers make up a 40 
X 40 cm^ surface, 12 cm thick, which sits in the beam behind a metal-phosphor saeen and "pipes" the light to a video 
camera. The optical fibers are bunched together in bundles of 1 .5 x 1 .5 cm^ at the input end and the Imager has a thick- 
10 ness of 1 2 cm. Unfortunately, this system has a light collection efficiency no greater than that of the mirror-camera sys- 
tems and. like those systems, is rather bulky. 

[001 0] In the optical megavoltage imaging systems discussed above, considerably less than 1% of the visible light 
photons emitted by the phosphor layer are converted Into signal. As a direct consequence, the quantum sink is the light 
collection stage rather than the stage where X rays are converted to high-energy electrons which enter into the phos- 
15 phor. Thus, the quality and speed of imaging in the above systems are adversely affected. Moreover, the bulkiness of 
both the camera-minror and the optical fiber fluoroscopic imaging systems compromises the clinical utility of these imag- 
ing devices. 

[001 1 ] In diagnostic x-ray imaging, the object to be imaged is placed between the x-ray source and an x-ray recep- 
tor. The X rays are generated by an x-ray tube and the range of x-ray energies used corresponds to peak tube voltages 

20 of ^20kVpto- 150 Kvp. 

[0012] Diagnostic x-ray imaging may be divided into two modes, radiographic and fluoroscopic. In current radio- 
graphic imaging, single or multiple x-ray images are recorded from an x-ray Irradiation In a fashion requiring some inter- 
mediate step (such as film development) before the image or images can be viewed. Thus the Image or images are not 
available for presentation Immediately after the irradiation, i.e.. they are not available within a few seconds. Since the 

25 object to be imaged may be subject to motion, the objective of such imaging is usually to capture each image in an inter- 
val sufficiently short so as to freeze the motion. In fluoroscopic imaging, a series of consecutive images are produced 
and presented to an observer during the course of an in^adlatlon allowing the object to be Imaged in real-time. 
[001 3] In a similar fashion, radiotherapy Imaging may also be divided into radiographic and fluoroscopic modes, A 
single image of the patient may be obtained prior to the main daily treatment with an amount of radiation small com- 

30 pared to the main treatment dose. Alternatively, a single image may be obtained using the entire treatment dose. Both 
of these forms of imaging are essentially radiographic modes of acquiring an image. Alternatively, a series of consecu- 
tive images may be obtained and displayed during in'adiation with all or a fraction of the treatment dose. This is clearly 
a fluoroscopic mode of Imaging. 

[0014] Radiographic and fluoroscopic x-ray imaging (also called radiography and fluoroscopy) have been under 
35 continual development since the discovery of X rays in 1895. Many summaries of the developments in this field exist 
and a concisely written recent one is to be found in RadioGraphics. Volume 9, Number 6. November 1989. 
[001 5] Currently, most diagnostic radiographic imaging is performed using film-screen systems in which x-ray film 
is placed next to one or between two phosphor screens which convert the X rays to light which exposes the film. The 
film then must be developed and the image is then viewed directly from the film and/or the film may be digitized for pres- 
to entation on a monitor. A second manner of producing radiographic images is by means of so-called scanning-laser- 
stimulated luminescence (RadioGraphics. Volume 9. Number 6. November 1989, page 1148). In this method, plates 
containing photostimulable phosphors are irradiated in a manner analogous to film. The phosphors are then "read out" 
by means of a laser with direct conversion of the signal to digital form. Both film and photostimulable phosphors offer 
practical and useful means of acquiring radiographic Images. However, neither method allows presentation of the Image 
45 immediately after the irradiation since time is required either for film development or for laser scanning. Film develop- 
ment typically takes - 90 seconds while laser scanning takes several minutes and several more minutes can be spent 
going to and from the film processor or laser scanner. Moreover, while an x-ray tube may be quite portable, the film 
processor and laser scanner are far less so. Finally, for high quality film development the temperature and quality of the 
chemicals in the film processor must be closely monitored. It would be highly desirable to develop an imaging technol- 
50 ogy which allowed immediate presentation of the radiographic Image after irradiation meaning within a couple of sec- 
onds. This would provide quick feed-back to the operator taking the image letting the operator immediately judge 
whether the image is of sufficient quality or whether a retake is necessary. This would greatly reduce the time and 
expense associated with radiographic Imaging. Furthermore, an electronic imager could have built-in controls so as to 
help assure that the irradiation produced a near-optimal image every time thereby reducing the frequency of retakes 
55 and thus reducing the total dose to the patient. A variety of attempts to develop electronic means of acquiring digital 
diagnostic images have been reported with perhaps the most promising involving a scanning linear array of photodi- 
odes and coilimation (RadioGraphics, Volume 9, Number 6. November 1989. page 1 148). Thus far, such devices have 
not been adapted for routine clinical use. 
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[001 6] Diagnostic fluoroscopic imaging is currently practiced using an x-ray image intensifier tube (RadioGraphics. 
Volume 9. Number 6. November 1989, pages 1137, 1138). The image intensifier tube converts incident radiation to 
light, typically using a Csl screen. Then, through a series of steps, an amplification of the light is achieved and the light 
output from the Image-intensif ier tube is captured and converted to an electronic image by means of a camera, a CCD. 

5 or some similar device. An x-ray image-intensifier tube along with a camera, or a CCD, or some similar device consti- 
tutes an x-ray image-intensifier (XRII) fluoroscopic imaging unit. While XRII units are very useful fluoroscopic imaging 
devices, they suffer from a number of serious deficiencies. First, XRII units are relatively bulky having a length usually 
exceeding 50 cm. This is a definite hindrance in various clinical procedures. For example, XRII units restrict the possible 
motions of radiotherapy simulators thereby limiting the treatment positions that can be simulated. Restrictions also 

10 occur in a variety of diagnostic x-ray procedures due to the bulk of the XRII unit. Second, the quality of the Images are 
compromised by various well-known effects associated with image intensifiers and cameras which lead to distortions 
and glare. Furthermore, XRII units are easily affected by stray magnetic fields and are generally difficult to maintain at 
peak imaging performance. It would be very useful to have an alternative technology, which is thin, light-weight, and free 
of distortion, glare, and the effects of magnetic fields suffered by XRII units. Furthermore, such an alternative technol- 

15 ogy would allow for a portable fluoroscopic imager offering high quality images. This possibility is generally not practical 
with XRII units. 

[0017] From the above discussion, it is clear that fluoroscopic imaging with both megavoltage X rays and gamma 
rays and diagnostic quality X rays involves production and presentation of consecutive images during the course of an 
irradiation. Consequently, such imaging is inherently real-time in nature. Further, radiographic imaging as practiced with 

20 technologies such as film-screen systems and photostimulable phosphors requires some time consuming Intermediate 
step (such as film development or laser-scanning) before the image is available for presentation. Such imaging Is thus 
not real-time in nature. A variation of diagnostic radiographic imaging occurs when a series of x-ray films are rapidly 
exposed, one after the other, or on a continuous roll of film. However, since the images are not available for presentation 
during, or immediately after, the in-adiation. this is also not reai-time imaging. However, if a practical technology couki 

25 be developed which would provide presentation of high quality radiographic images immediately after irradiation, this 
would then be another form of real-time imaging. Moreover, if this alternative imager offered the images in digital form, 
this would be of considerable utility as it would facilitate electronic processing and presentation of the images as well 
as electronic archival and transfer. As outlined above, the existence of a technology offering real-time radiotherapy 
and/or diagnostic digital imaging would be of definite benefit. 

30 [0018] In selecting the materials for a real-time imager for megavoltage photon radiation therapy and diagnostic x- 
ray imaging, care must be taken that the materials can withstand high levels of radiation exposure over long durations 
of time. Another consideration is that the radiation detecting elements be an-anged over a relatively large surface area. 
For instance, a detection surface of at least 25 x 25 cm^ is necessary for head and neck portals in radiation therapy. For 
pelvic, abdominal and thoracic portals, a surface area of 50 x 50 cm^ is desirable. For dental imaging, an imager as 

35 small as approximately 2x2 cm^ and up to approximately 3x4 cm^ wouW be clinically useful. For diagnostic radiogra- 
phy and fluoroscopy, imagers as large as 60 x 60 cm^ would be useful. Though solid state imagers are highly desirable, 
the manufacture of crystalline semiconductor detectors over such an area is certainly prohibitively expensive. 
[001 9] The development of a-Si:H (hydrogenated amorphous silicon) has resulted in the realization of a highly radi- 
ation resistant material which can be utilized over large surface areas at very economical cost. See V. Perez-Mendez. 

40 et al., "Signal, Recombination Effects and Noise in Amorphous Silicon Detectors". Nuclear Instrument and Methods in 
Physics Research A260 (1987): 195-200. Elsevier Science Publishers B.V.; and I.D. French et al.. "The Effect of y-lrra- 
diation on Amorphous Silicon Field Effect Transistors". Applied Physics A31. 19-22, 1983, Springer- Verlag. 
[0020] It is now realized that amorphous silicon thin film transistors have applications to large-area electronics, see 
H.C. Tuan. "Amorphous Silicon Thin Film Transistor and its Application to Large-Area Electronics." Mat. Res. Soc. 

45 Symp. Proc. Vol. 33 (1984) Elsevier Science Publishing Company. Inc. 

[0021 ] Amorphous silicon ionizing particle detectors made of hydrogenated amorphous silicon are known which 
can detect the presence, position and amount of high energy ionizing particles, see Street et al.. U.S. Patent 4,785.186; 
however, the patent does not teach how a-Si:H photodiodes can be utilized In coordination with other elements to obtain 
a real-time imaging device. 

50 [0022] Rougeot. U.S. Patent 4,799,094, teaches a photosensitive device having an array of p-doped ftoating grids 
which connect with a substrate of lightly n-doped hydrogenated amorphous silicon. Since Rougeot uses transistors as 
light detectors, the quantity of electron-hole pairs generated would appear quite insufficient to realize real-time imaging. 
[0023] U.S. patent 4 672 454 discloses an imaging device comprising two groups of address lines insulated from 
each other and crossing at an angle to each other to form an equal number of crossover points. A light sensitive element 

55 is associated with each crossover point and is coupled to one of the many address lines. Isolation devices, such as 
diodes, associated with each element make them individually readable and the elements themselves may be pho- 
tovaitaic cells or photoresistors. for example, the an-angement being formed as an integrated circuit on a substrate. 



4 



EP0 724 72d B1 



Disclosure of the Invention 

[0024] Accordingly, one object of the present invention is to achieve a pulse-by-pulse monitoring of the centroid of 
a transmitted megavoltage radiation beam. 
5 [0025] Another object is to obtain real-time radiographic or fluoroscopic images of the patient in^adiated with a meg- 
avoltage beam. 

[0026] Yet another object is to measure, in real-time, the transmitted dose of the radiation field In order to help 
insure and verify the correct delivery of the treatment dose to the target region. 

[0027] Another object is to obtain real-time diagnostic x-ray radiographic images with immediate presentation after 
10 the irradiation without the need to wait for film development or laser scanning of a photostimulable phosphor plate. 
[0028] Another object is to obtain real-time diagnostic x-ray fluoroscopic images with a device far more compact 
than an image-intensif ier fluoroscopic unit and offering higher quality images without the distortion, glare, and effects of 
magnetic fields suffered by XRII units. 

[0029] Another object is to obtain real-time diagnostic x-ray fluoroscopic images with an imager considerably thin- 
15 ner than a bulky XRII unit thus resulting in fewer restrictions in radiotherapy simulation and other diagnostic x-ray pro- 
cedures. 

[0030] Another object is to obtain real-time diagnostic fluoroscopic and radiographic images with an imager offering 
the imaging information directly in digital form. 

[0031 ] Another object is to obtain real-time diagnostic quality fluoroscopic images with a device sufficiently compact 
20 that it can be made into a portable unit. 

[0032] Another object is to obtain real-time diagnostic quality radiographic images with a portable device that can 
operate independently of a film processor or laser reader. 

[0033] These and other objects are achieved by providing a real-time imaging device for use with an incident ioniz- 
ing radiation such as produced in the form of megavoltage radiation bursts in radiation treatment machines or from a 

25 diagnostic X-ray generator, including a conversion layer for converting photons from the incident ionizing radiation into 
electrons, a phosphor or scintillating layer in which the electrons created in the conversion layer create visible light pho- 
tons, and an upper electrode layer which is transparent and allows the visible light from the phosphor or scintillating 
layer to pass through to a plurality of photosensitive sensors arranged in rows and columns to form a radiation detecting 
surface area. Each photosensitive sensor is paired with a thin film field effect transistor. The RC time constant of pixels 

30 on the imaging device is determined by multiplying the resistance of the transistor by the capacitance of the photosen- 
sitive sensor and is selected based on predetermined physical and operational parameters discussed hereinafter. 
[0034] The high energy electrons and visible light photons emitted from the phosphor or scintillating layer and Inci- 
dent upon the sensors constitute an imaging signal. Sufficient amounts of this imaging signal can be detected, creating 
electron-hole pairs which are stored in the capacitance of the sensors. Thereafter this signal can be read out on a time 

35 scale determined by factors discussed hereinafter so that real-time imaging is made possible. Known interfacing elec- 
tronics consisting of preamplifiers, multiplexors, and digitizers which are connected to the sensor-transistor combina- 
tions convert these signals into digital form thereby making this an inherently digital imaging device. 
[0035] For the application of real-time imaging of a diagnostic x-ray beam, given that the interaction probabilities 
are considerably higher and the range of the electrons created by the photons much shorter, a single layer for diagnos- 

40 tic -energy photon conversion and creation of the light photons by the resulting electrons suffices. 

[0036] For both megavoltage imaging and diagnostic x-ray imaging, an alternative is to use sensors made suffi- 
ciently thick (50 ^im to 2000 ^im) that the incident radiation directly interacts with the sensor generating signal in it with 
no need for either a conversion layer or a phosphor or scintillating layer. 

[0037] In addition, given the thinness and uniformity of the amorphous silicon sensors and the substrates upon 
45 which they are deposited, it is furthermore possible to stack one imager upon another without significant degradation of 
the imaging information. For example, an an-ay dedicated to detennining the position of a scanning radiotherapy beam 
could be positioned under an array dedicated to imaging the megavoltage photon beam. Alternatively, an array dedi- 
cated to real-time diagnostic x-ray imaging could be positioned over an array dedicated to real-time megavoltage imag- 
ing. Such positioning would offer tremendous advantages to radiation therapy. 

50 

Brief Description of the Drawinos 

[0038] A more complete appreciation of the invention and many of the attendant advantages thereof will be readily 
obtained as the same becomes better understood by reference to the following detailed description when considered 
55 in connection with the accompanying drawings, wherein: 

Figure 1 is a cross-sectional side view of the present invention; 
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Rgure 2 is a top view illustrating the array of sensors and transistors; 

Figure 3 is a cut away perspective side view of the sensor array enclosed in a shielded housing; 

5 Figure 4 Is a schematic block diagram illustrating interfacing of sensors and transistors with known support elec- 
tronics; 

Figure 5 is a general illustration showing how the present invention is utilized in a clinical setting; and 
10 Figures 6 and 7 are timing charts illustrating various manners of operation of the present invention. 
Best Mode for Canvino Out the Invention 

[00391 Referring now to the drawings, wherein like reference numerals designate identical or corresponding parts 
75 throughout the several views and, more particularly, to Figure 1 thereof, a sensor 30 and thin-film field effect transistor 
52 are shown mounted upon a glass substrate 12. The gate contact region 14 of the thin-film field effect transistor is 
seen to be positioned atop the glass substrate 12. Surrounding the gate contact region is a gate dielectric layer 16 of 
silicon nitride Si3N4 which also makes contact with the glass substrate 12. Above gate dielectric layer 16 is an a-Si:H 
layer 18. 

20 [0040] Directly above the gate contact region 1 4 and making contact with the a-Si:H layer 18 is a second dielectric 
layer 24 made of silicon nitride. Adjacent to the sides of the lower portion of the second dielectric layer 24 are located 
n+ doped drain and source layers 25, 29 which are portions of n+ layer 20 positioned so as to sandwich the lower por- 
tions of the second dielectric layer 24 therebetween. A drain contact 26 and a source contact 28 are positioned so as 
to sandwich the upper portion of the second dielectric layer 24 between them. These structured layers above and to the 

25 side of the gate contact region constitute a thin-film field effect transistor 52. Alternatively, polycrystalline silicon thin- 
f ilm-transistors can be implemented to achieve faster readout-speed by virtue of its channel mobility which is - 30 times 
higher than that of a-Si:H. 

[0041] This thin-film field effect transistor 52 is connected to a sensor 30 which constitutes a p-i-n photodiode. The 
sensor 30 is connected to the source contact 28 of the thin-film fiekj effect transistor 52 by means of lower electrode 
30 layer 22 integrally formed with source contact 28. 

[0042] Above lower electrode layer 22 is p+ doped a-Si:H layer 36, layer 36 being approximately 400 A thick. Above 
layer 36 is an intrinsic a-Si:H layer 34 which is at least 0.1 microns thick and may be up to 3 microns or more thick for 
reasons which will be subsequently discussed. Above the intrinsic layer 34 is an n+ doped layer 32 of a-Si:H, which is 
approximately 100 A thick. 

35 [0043] Above n-i- doped layer 32 lies the upper electrode 38 which is made of a material transparent to visible light. 
A material such as indium tin oxide (ITO) is a suitable material for the upper electrode 38. A phosphor or other scintil- 
lating layer 44 for purposes of converting electrons to visible light is located directly above and preferably makes contact 
with the transparent upper electrode 38. Phosphor or scintillating layer 44 may be a calcium tungstate (CaW04) scintil- 
lating screen (e.g. a CRONEX^" screen), a gadolinium oxysuHide (Gd202S:Tb) scintillating screen (e.g. a LANEX™ 

40 screen), a Csl scintillating screen, or other suitable material. 

[0044] A n-i-p sensor is an alternative to the p-i-n sensor shown in Fig. 1 . An n-i-p sensor offers somewhat better 
signal response since the signal derives primarily from electron transport compared to hole transport for the p-i-n sen- 
sor. In addition, in an n-i-p sensor, the p layer may be made of materials other than a-Si:H. e.g., microcrystalline silicon 
or silicon carbide in order to increase the transparency of this layer, thereby increasing the signal size. 

45 [0045] For megavoltage beams, a photon-to-electron conversion layer 46 is located directly above and makes con- 
tact with a phosphor or scintillating layer 44. Conversion layer 46 may be a 1 millimeter thick copper sheet or a conpa* 
rable layer of tungsten or lead or other suitable material; however, the thickness can be varied depending on the energy 
level of the radiation to which it is exposed, A 1 mm thick copper sheet when combined with a CRONEX^** scintillating 
screen and exposed to a megavoltage (~ 3 to 50 MV) photon beam produces pulses of light for about 1 0 microseconds. 

50 A 1 mm thick copper sheet when combined with a LANEX'" scintillating screen produces pulses of light for about 1 mil- 
lisecond when exposed to a megavoltage beam. 

[0046] Optionally, a suitable phosphor or scintillating layer may be deposited directly onto the sensors or onto the 
photon-to-electron converter in order to optimize the spatial resolution of the imager. For diagnostic imaging, the Inter- 
action of X rays with the scintillation layer 44 is such that the conversion layer 46 is not necessary. 
55 [0047] In the case of megavoltage imaging, another option is to position above the array a phosphor or scintillating 
layer 44 which is sufficiently thick that there is no need for a separate photon-to-electron conversion layer 46. In this 
case, the incident megavoltage X rays or gamma rays interact in the phosphor or sdntillating layer creating high energy 
electrons which then generate light in the same layer. 
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[0048] tn yet another embodiment of the invention, the sensors 30 are made sufficiently thick (50 to 2000 pm) 
that there is no need for either a photon-to-electron conversion layer 46 for megavoltage imaging or for a phosphor or 
scintillating layer 44 for megavoltage or diagnostic imaging. In this case, the imaging signal originates from direct inter- 
action of the incident radiation with the sensor resulting in the aeation of electron-hole pairs which are stored in the 

5 capacitance of the sensor. In this embodiment, the resulting spatial resolution of the imager would be improved having 
eliminated the light creation stage where scattering of light results in an inherent loss of spatial resolution. In this case, 
the sensors could consist of thick hydrogenated amorphous silicon diodes, non-limiting examples of which are 
described in Naruse et al. IEEE Transactions On Nuclear Science, Vol. 36, No. 2, April 1989, pp. 1347-1352 and Perez- 
Mendez et al. Materials Research Society, Vol. 149. 1989. pp. 621-632, or of a thick layer of chalcogenide glass, such 

10 as amorphous selenium. AsaSea, GeSea and related alloys, (See U.S. patent 5.017,989) (replacing the p-f doped a- 
Si:H layer 36. ttie intrinsic a-Si:H layer 34. and the n+ doped a-Si:H layer 32). or some other suitable material. 
[0049] As is shown in Fig. 1 . polyimide 42 is placed over ttie field effect transistor 52 and between sensors 30 to 
provide planarization and passivation. 

[0050] Figure 2 shows an array of sensors 50 according to the present invention. Biasing lines 40 are seen to con- 
15 nect the sensors 30 by being connected across the upper electi-ode layer 38, shown in Fig. 1 . of each sensor in a given 
column. As will be appreciated by those skilled in the art, a metal layer (not shown), e.g., of aluminum, is coincident with 
those regions of biasing lines 40 which are located between the sensors 30. Such a metal layer serves to shield the 
transistors 52 from light. Signal lines 54 are shown to connect to the drain of each field effect transistor 52 in a given 
column. 

20 [0051] From Figure 1 it can be seen that a drain electrode layer 23 extends away from a side of drain contact 26. 
Metallization (not shown) extends vertically upward from the end 27 of tiie drain electrode layer 23 away from transistor 
52. This metallization is constructed to connect with a signal line 54 which lies on the substrate 12 besides sensor 30. 
Gate select lines 56 (Figure 2) are seen to connect the gates of the thin-film field effect transistors located in a given 
row, 

25 [0052] Thus, each sensor and its accompanying thin-film field effect transistor constitute an imaging pixel. These 
pixels are arranged in rows and columns so as to form an array 50 mounted upon a glass substrate 12 tiiereby consti- 
tuting an imaging panel. 

[0053] One example of such an imaging panel is formed as a 25.6 x 25.6 cm^ imaging surface made up of approx- 
imately 65.536 individual sensors arranged in a 256 x 256 array corresponding to a pixel pitch of 1000 ^m. In such an 

30 array each sensor is over 0.9 millimeters long with a density of 1 sensor per square millimeter. Four 25.6 x 25.6 cm^ 
panels can be combined to form a roughly 50 x 50 cm^ surface so that the invention can be utilized for virtually any 
imaging function. Due to the thin nature of the substi-ate on which the imaging array is fabricated, it is possible to con- 
figure the imager into a package with a profile of 1-2 cm. about equal to that of a film cassette. 
[0054] Fig. 4 shows the layout of tiie read-out electronics. Each gate select line 56 is addressed sequentially with 

35 a shift register. Each of the signal lines 54 is connected to a preamplifier and switching electronics. Eitiier a charge-sen- 
sitive or a voltage preamplifier may be used. If it is the latter, then a capacitor is included on the array at each signal line. 
The signals from a row of pixels are read out by providing a gate pulse to the corresponding gate select line 56 so as 
to render the thin-film field effect transistors along the gate select line conducting. The charge or the voltage is then 
sensed for each of the signal lines 54. after which the signal line is reset to ground potential before the next gate pulse. 

40 [0055] As shown in Figure 1 , a radiation beam 1 0 is directed upon tiie photon-to-electron conversion layer 46 which 
converts the photons of the radiation beam to electrons, some of whose energy is absorbed in phosphor or scintillating 
layer 44 and thereby converted to visible light. Alternatively, the conversion layer 46 is not present, and some or all of 
the photons of tiie incident radiation beam are converted to electrons in the phosphor or scintillating layer in which they 
generate visible light. In either case, tiiis visible light passes through the transparent upper electrode 38 and into the 

45 sensor 30 where electron-hole pairs are generated in the intrinsic layer 34. The present invention allows up to 50 to 
- 90 percent of the visible light photons emitted from phosphor or scintillating layer 44 and intercepted by the sensors 
to be converted to electron-hole pairs. In the case when the sensors are thick (50 ^ to 2000 ^m), following well under- 
stood principles the radiation can interact directly with the sensors creating electi'on-hole pairs to a degree sufficient to 
make the presence of a photon-to-electron conversion layer and/or a phosphor or scintillating layer unnecessary. The 

so sensors 30 have a capacitive effect when a reverse bias is applied to them by means of ttie biasing lines 40. This 
reverse bias causes ttie electron-hole pairs to be attracted to the upper and lower electrodes 38 and 22 where the sig- 
nals generated from the radiation bursts are thus stored. 

[0056] The attenuation of light in a-Si:H is well understood and the thickness of the intrinsic layer needed to com- 
pletely absorb all incident visible light is a function of wavelengtii. The tiiickness of the intrinsic layer 34 may be usefully 
55 varied from 0.1 to 3.0 microns or more. This allows a fraction or all of the incident light to be absorbed in tiie infrinsic 
layer as shown in "Signal. Noise, and Readout Considerations in the Development of Amorphous Silicon Photodiode 
Arrays for Radiotherapy and Diagnostic X-ray Imaging". SPIE Vol. 1443 Medical Imaging V: Image Physics (1991) pp 
1 08-1 1 9, Antonuk. et al. As the intrinsic layer thickness increases, there are other effects of note. First, the capacitance 
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of the sensors decreases thereby affecting the time constant for readout and reinitialization. Second, the applied bias 
must increase proportionally in order to ensure that the electron-hole pairs generated throughout the intrinsic layer are 
efficiently collected and positioned at the upper and lower electrodes. Thus, the choice of intrinsic thickness is governed 
by various considerations including the wavelength of the tight emitted by the phosphor or scintillating layer, how much 
5 of the light it is desired to use. and the desired readout speed. In the case of thick (50 ^im to 2000 ^m) sensors, the 
choice of thickness will involve considerations of the fraction of the incident radiation it is desired and possible to have 
interact directly with the thick sensors as well as readout speed. 

[0057] It should be noted that the present invention will produce real-time images with any form of incident ionizing 
radiation including electrons, protons, neutrons, deuterons. alpha particles, etc. in addition to gamma rays and X rays. 

10 Furthermore, the absorption properties of the sensors can be tailored to utilize light emitted from the phosphor or scin- 
tillating layer for wavelengths extending across the visible region and perhaps into the ultraviolet region. 
[0058] For a given energy, E, of incident visible light, the photons are absorbed with a spatial distribution given by 
exp(-a(E)x) where x is the distance from the surface and a(E) is the absorption coefficient for the photon energy E. The 
sensor material has a particular absorption spectrum a{E), depending on its band gap EG. When a phosphor or scin- 

15 filiating material is deposited on or othen^/ise positioned over the sensor, it is desirable to match the absorption spec- 
trum of the sensor to the emission properties of the phosphor or scintillating material. The a-Si:H sensor absorption 
spectrum may be changed by alloying with other elements. The alloy a-Six:Ci.x:H, 0 < x < 1 . has an increased band gap 
and is suitable for phosphors which emit in the green and blue regions of the spectrum. The alloy a-Siy:Gei.y:H, 0 < y 
< 1 . has a reduced band gap and is suitable for phosphors emitting in the red region of the spectrum. It is desirable that 

20 the n+ and pn- doped contact layers also have their absorption spectra matched to the emission of the phosphor. In par- 
ticular the top layer should be as transparent as possible because light absorbed in this layer does not contribute to the 
measured signal. The a-Si:C:H alloy is suitable for this purpose. In addition a doped microcrystalline silicon film may be 
used which also has a high transparency 

[0059] Each combination of a sensor connected to a thin film field effect transistor (FET) forms one pixel. For the 
25 purposes of this discussion, let us regard the pixel as a capacitor, of capacitance Cs. in series with a resistor. A given 
gate select line 56 controls the conductivity of all the FETs along that row. When the gate select lines 56 are at a neg- 
ative bias, -5 volts), the FET resistance is very high and the transistor is essentially non-conducting. When the gate 
select lines 56 are at a positive bias. Vq. the FETs become conducting with a FETon resistance of Rqn- "I^e FET on- 
resistance. Rqn. and the sensor capacitance. Cs. are given by: 

30 

1/RoN=(w/L)^FE{VQ-VT)^ (i) 

Cs = »ccoA/d (2) 

35 where W.L are the width and length in cm. respectively, of the gate of the transistor, ^pg is the field effect mobility (0.7 
to 1.0 cm^/Vsec for a-Si:H), Vq. is the gate voltage. Vj is the threshold voltage (- 1 volt), r is the gate capacitance per 
unit area (~ 200 pF/mm^ = axlO'^F/cm^). k is the dielectric constant of a-Si:H {- 12), e© is the permittivity of free space 
(8.85 x 10'^"* F/cm). and A and d are the sensor area and thickness in cm. 

[0060] An external bias voltage, ^siAS* 'S applied to the an-ay of sensors 50 by means of bias lines 40, as shown in 
40 Rgure 2, on the array. When the FETs are made conducting, the capacitance of the sensors charges up so that a poten- 
tial difference approximately equal to VgiAs exists aaoss each sensor capacitance. When the FETs are made non-con- 
ducting, leakage current from the sensors slowly discharges the sensors' capadtance. In addition, incident radiation 
generating light in a phosphor or scintillator placed above the an-ay of sensors 50 also generates a signal in the sensors 
which discharges the sensors' capacitance. In the case of thick (50 ^irn to 2000 ^m) sensors, the incident radiation gen- 
45 erates signal directly in the sensors which also discharges the sensors' capacitance. The greater the intensity of the 
radiation and the light, the faster this discharging occurs. It should be noted that the FET also has a relatively small leak- 
age current which acts in opposition to this discharging, as is discussed in the publication "Light Response Character- 
istics of Amorphous Silicon Arrays for Megavoltage and Diagnostic Imaging", Materials Research Society Symposium 
Proceedings, vol. 219. 1991. pp 531-536. and "The Dynamic Response of Hydrogenated Amorphous Silicon imaging 
50 Pixels". Materials Research Society Symposium Proceedings, vol. 21 9. pp 1 73-1 78. Thus, the degree to which the sen- 
sor capacitance is discharged depends upon the imaging information stored in the pixel (I.e., the amount of light signal) 
as well as the cumulative effect of the sensor and FET leakage currents. 

[0061] The act of measuring this stored imaging information also reinitializes the pixel. By making the FETs along 
a single row conducting, cun-ent along each signal line recharges the capacitance of the sensors and thus reinitializes 
55 the corresponding pixels. This current is integrated in a charge-sensitive preamplifier (not shown) connected to each 
signal line. Alternatively, the voltage is sampled by a voltage preamplifier connected to each signal line. Further inter- 
facing electronics produce a digital value which is a measure of the imaging signal read from each pixel. In addition, 
when the FET voltage is switched from negative to positive to make the FETs conducting, a transient signal, originating 
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from the gate-source capacitance of the FET and the finite resistance of the gate select line, is created. A similar tran- 
sient of opposite polarity is generated when the FET is switched from positive to negative. Whether the digitized values 
include these transients is a matter of choice in the design of the electronics and sampling technique. One may choose 
to include the initial switching transient in order to avoid losing any useful signal. Including the second switching tran- 
5 sient has the possible advantage of canceling out the effect of the first switching transient. 

[0062] The reinitialization of the pixels during readout follows an exponential behavior with a time constant, "t**. The 
exact value of x depends upon the details of the array construction as well as the manner in which the readout is per- 
formed. In a simple model of the pixels, t is given by the product of the transistor on-resistance. Rqivj in ohms, times the 
sensor capacitance. Cs in farads: 

10 

^ Rc = C s ^ ^ ON (3a) 

where trc the RC time constant of a pixel in this model. In a more complex model, the reinitialization behavior of the 
pixels is also governed by the finite time required for the switching transients mentioned above. Even if the external gate 

75 selection circuitry provides an instantaneous voltage step, the finite gate-source capacitance of the FET and the finite 
resistance of the gate select line will insure that the voltage change applied to the transistor gates will not be Instanta- 
neous. Moreover, this transient settling time will increase as the arrays, and thus the resistance of the gate select lines, 
becomes larger. While the contribution of these switching transients to the reinitialization behavior can be large in some 
cases, it is highly desirable to make it negligible. This can be accomplished through the use of low resistance metal, 

20 e.g., Al, for the gate select lines 56. In this case, the aforementioned simple model which predicts a reinitialization 
behavior with a time constant, x. given by t^q, will be reasonably accurate in all cases. 

[0063] In our capacitor-resistor model for the pixels, the recharging of the sensor capacitance would follow an expo- 
nential behavior with a time constant, x = x . where xrc is given by the product of the FET on-resistance. Rqn. times 
the sensor capacitance, Cs- In this simple model with x = x . the recharging. Q(t). of the sensor capacitance back to 
25 its initial charge, Qrixel* described by a simple exponential: 

QW = QpixEL(^-exp[-t/T„c]) (3b) 

[0064] The inventors have made a systematic study of the reinitialization behavior of pixels and the results have 
30 been submitted for publication to the 1991 IEEE Nuclear Science Symposium and Medical Imaging Conference, in an 
article entitled "Radiation Response Characteristics Of Amorphous Silicon Anrays For Megavoltage Radiotherapy Imag- 
ing", which article is hereby incorporated by reference. 

[0065] In this paper, measurements of the reinitialization time constant, x. have been reported for a variety of 
arrays. An example of the reinitialization behavior is shown in Figure 1 of the paper. Such reinitialization data are found 

35 to be well described by an exponential function of the form given by Equation (3b). Such a function is fit to the data and 
the time constant used in the fit. x. is allowed to be a free parameter determined by the fit The resulting values of x are 
given in Table III of the paper along with the ratio of x to the calculated values, xrc- In the case of the 450 ^m arrays, 
the measured time constants, x. are in close agreement with the calculated value, x^c While xpc is less than x for the 
270 ^m and 900 ^m arrays, this is probably due to the fact that the 270 jim and 900 ^m anays are of a first-generation 

40 design, while the 450 ^m arrays are of a newer design. The 450 ^m arrays, which were specifically designed for the 
radiotherapy application, are representative of the practical imaging devices that are being developed. In addition, it is 
interesting to note that the measured time constants for the 450 ^m arrays are well under 10 ^s, a feature that was 
designed into these arrays by choosing a W/L ratio of 16:1 (see Table i of the paper). 

[0066] These results demonstrate that the calculated value of the reinitialization time constant, x^c* in reasonable 

45 agreement with the measured time constant, x. 

[0067] In general, it is highly desirable to design the arrays so that the time constant x is as small as possible since 
the contribution of noise to the signal, measured by the interfacing electronics located off of the array, will be minimized 
when the sampling of the imaging signal content of the pixels is as brief as possible. There are additional considerations 
which set a limit on the maximum value that the time constant, x, may have. These considerations concern the time to 

50 read out, i.e. sample and reinitialize, a row of pixels. The specification of a readout time implies a maximum value for 
the time constant, x. The shorter the time constant, x. the faster the pixels can be sampled and reinitialized and thus the 
faster the rows can be read out. Faster row readout, in turn, can be used to allow image frames to be produced more 
quickly. It is of interest to examine factors which place a requirement on readout time. 

[0068] A first factor (1 ) pertinent to required read out time is that the pixels should be reinitialized to a degree con- 
55 sistent with the needs of the imaging application. Specifically, if the application requires a contrast sensitivity of X% for 
a given signal size, the array must be operated so as to provide a signal-to-noise sufficient to allow an observer to per- 
ceive this contrast. A rule of thumb is that the signat-to-noise should be about 3 to 4 times better than the desired con- 
trast sensitivity. For example, a contrast sensitivity of 0.3 % is 3 parts in 1000 and thus requires a signal-to-noise of at 
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least 1000 to 1. The pixels should be reinitialized to a degree consistent with the required signal-to-noise so as to pre- 
vent the carry-over of signal into the next frame. Thus, during readout, the FETs should be left conducting sufficiently 
long to achieve this. In the above example, this means that the sensors should be reinitialized to at least 1 part in 1 000. 
[0069] A second factor (2) regarding readout time is the requirement that the imaging signal content of the pixels 
5 be sanpled to a degree consistent with the needs of the imaging application. As is the case of factor (1). the FETs 
should be (eft conducting sufficiently long to achieve this. However, whether voltage or charge is being sampled, this 
duration will, at most, be equal to. and often, be less than that needed to satisfy factor (1). 

[0070] A third factor (3) regarding readout time is the requirement for a certain speed of presentation of images as 
set by the application. In fluoroscopic imaging, an application will demand a certain number of frames per second. In 
10 real-time radiographic imaging, an application will demand that the image be available for presentation wttiiin a speci- 
fied time after the irradiation. Moreover, because the pixels drift toward saturation whenever the FETs are non-conduct- 
ing, it is highly desirable to quickly readout tiie array after the termination of the irradiation in radiographic imaging so 
as to preserve image quality 

[0071 ] A fourth factor (4) regarding readout time concerns the many effects associated with the interfacing electron- 
's ICS which contribute to the minimum time required to read out a single row. For example, after the gate select line has 
been returned to a negative bias voltage, the feed-back capacitor on the preamplifier must be reset before the next row 
of pixels can be read out. In practice, this will be a small and negligible effect. Moreover, in principle, the interfacing elec- 
tronics can be constructed so that only factors (1), (2). and (3) define the required readout time. 
[0072] Thus, the time required to read out a single row will be dominated by the requirement that the pixels be rein- 
20 itialized and sampled to a degree consistent with the needs of tiie imaging application, factors (1) and (2). and by the 
requirement for a certain speed of presentation of images as set by the application, factor (3). The readout time require- 
ments thereby imposed may be achieved by constructing and operating the array so that the reinitialization time con- 
stant, X. is sufficientiy short. The limitation imposed on x by factors (1). (2) and (3) may be quantified as follows. 
[0073] In order to reinitialize the pixel to a degree consistent witii the contrast sensitivity needs of the imaging appli- 
es cation, the FETs on a row should be left conducting for a sufficient number of time constants, N^, so as to be consistent 
witii the required signal-to-noise. SN. Thus: 

1/SN = exp(-N^) (4a) 

30 or 

ln(SN) = N, (4b) 

In the previous example, a signal-to-noise of 1000:1, i.e., SN = 1000, would require that = - 7. 

35 [0074] During imaging, the pixels integrate an incident radiation-generated signal and are read out, one row at a 
time, to measure this signal. A single image, or frame, results when such data has been acquired for all or some fraction 
of ttie pixels. There are numerous manners of operating the array to acquire images. Perhaps tiie most direct is to read 
out each row of pixels consecutively, one row immediately after another. However, any order of rows, and even omitting 
rows, is possible. Moreover, the interval between the readout of rows may be quite different from one scheme to 

40 another. Mostiy generally, two readout modes may be def ined and are described below. In the following discussion, we 
shall assume that all rows are read out in order starting from the first row but we recognize that alternative readout 
schemes are possible. 

[0075] in a 'liuoroscopic" mode, the radiation is continually on and images are acquired consecutively, one image 
frame after anotiier without pause. Such a mode of operation allows motion in the object Imaged to be observed in real 

45 time. e.g. the rhythmic beating of the heart In tiiis mode, it is desirable that imaging information from one frame not 
carry over into the next frame. A straightfbnvard manner of accomplishing this is to insure, for the readout of each row 
of pixels, that the sensors are reinitialized to a degree consistent witii tiie desired signal-to-noise to be achieved in tiie 
radiation image, as set forth in Equations (4a) and (4b). It is also necessary to achieve the number of frames per second 
demanded by the imaging application. 

so [0076] Rgure 6 schematically illustrates four examples of timing schemes for row readout for the fluoroscopic 
mode. In each case, the time at which the data for the most recent frame is available is marked ("M- 1 ", "M" "M+1 "M+2" 
...). Also, the time interval during which each row is read is illusti-ated ("1 "2", ..."n"). Finally the duration of the integra- 
tion interval for the first row (row "1 ") and the last row (row "n") is shown. The four examples are as follows. In F-MODE- 
A the rows are read out. one immediately after the other witiiout pause. Then, with no pause, readout begins again. In 

55 F-MODE-B the rows are read out. one immediately after the other, until the whole an-ay is read. There is tiien a pause 
before readout resumes. In F-MODE-C the rows are read out at a steady pace with a pause between each row. IN F- 
MODE-D, a small group of rows is read out, one immediately after the other, followed by a pause, followed by the rea- 
dout of another small group. In the case shown, tiie numbers of rows in a group is 3 but any number is possible. These 
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four examples generally describe most manners of reading out the array in a regular fashion. However, the inventors 
recognize that alternative manners of fluoroscopic mode readout exist 

[0077] In a "radiographic" mode, the radiation is present for a finite period, tp, which may be preselected. A single 
image is acquired by allowing the array of sensors 50 to integrate over this period and then reading out the information 

5 immediately after the termination of the radiation. It is desirable that the array of sensors 50 be initialized immediately 
before the commencement of the radiation to a degree consistent with the signal-to-noise needs of the application, as 
set forth in Equations (4a) and (4b). It is desirable for this mode that the imager and the control of the radiation source 
be coupled so as to insure that the array of sensors 50 was correctly initialized before the beginning of the tpi period. 
Moreover, this would insure that no radiation would be "wasted" (i.e.. unused). 

10 [0078] There are many possible manners of initializing tiie array of sensors 50 prior to tiie irradiation period. Three 
examples of perhaps the most useful ways are shown in Figure 7. In R-MODE-A tiie array is being continually read out, 
one row after the other without pause other than during the irradiation. Tliis manner has tiie merit tiiat the Integration 
period can begin as soon as the row currentiy being read out is completed, wherever on the array this is since there is 
no advantage to doing othen^ise. Thus, the delay between the request for radiation and tiie actual beginning of radia- 

15 tion is an absolute minimum in this case. In R-MODE-B, tiie array is being read out, one row after ttie other without 
pause between the rows, but with a pause of duration ti between tiie completion of one readout of the array and tiie 
beginning of the next. This duration could be anything, and in particular equal to tp. in tiie event tfiat t^ were predeter- 
mined. This manner might offer advantages for calibration purposes. In R-MODE-C, unlike any other manner ttius far 
mentioned, the array is not being continually read out. Ratiier. upon tiie receipt of a signal indicating ttiat an irradiation 

20 is to begin, tiie rows are readout one after the otiier until tiie entire array is initialized and then the irradiation begins. 
[0079] In radiographic mode, it is also desirable tiiat ttie array be read out sufficientiy fast so as to allow the pres- 
entation of tiie image witiiin a specified time after the irradiation as well as to insure ttiat the image quality does not 
deteriorate due to drift of the pixels. 

[0080] The capacitance of each sensor and the resistance of each ti-ansistor should be designed so that the prod- 
25 uct of their respective capacitances and resistances is less than or equal to the time constant necessary to satisfy the 
required single row readout time. With the signal information stored in the pixels adequately sampled, the pixels ade- 
quately reinitialized, and the images presented at the required speed, real time imaging is made possible. 
[0081 ] The intrinsic layer 34 must be at least 0.1 microns thick or greater for purposes of converting and collecting 
photons over virtually the entire visible spectrum. As the inf insic layer increases in thickness, the direct ionization signal 
30 from high energy quanta increases, and ttie sensor capacitance diminishes. If the sensor is made sufficiently thick (50 
^m to 2000 ^m). ttie imaging signal may derive entirely from ttie direct interaction of incident radiation with the sensor 
witii no need for an photon-to-etectron conversion layer and/or a phosphor or scintillating layer to aeate visible light 
photons. Furthermore, as tiie aspect ratio (W/L) of the ttiin-f ilm field effect transistor is increased, resistance is reduced. 
Thus, by widening the channel of the field effect transistor, an increase in the aspect ratio and consequently a decrease 
35 in resistance will be realized. Also, resistance can be reduced by increasing the bias received by the gate of the field 
effect transistor. 

[0082] Once ttie signal is stored in the sensors, obtaining a measure of the signal is relatively easy. 

[0083] By applying a biasing voltage to the gate select lines ttie signal stored due to tiie capacitance of the sensor 

30 is released from the source region to the drain region of tiie fieki effect transistor and is channeled through the signal 

40 lines 54 and on to interfacing electronics. 

[0084] As it is essential that the arrays and their electronics be adequately shielded from stray electi'omagnetic radi- 
ation, including visible, radio frequency, and ionizing, Figure 3 shows a shielded housing 60 made of copper in which 
an imaging panel 50 is enclosed. In the case of megavoltage imaging, ttie top of the shielded housing 60 is seen to 
comprise the photon to electi-on conversion layer 46 and a phosphor or sdntillating layer 44. In the case of diagnostic 

45 x-ray imaging, tiie top shielded housing may either be some ttiin opaque material, e.g. aluminum, cardboard, etc., or 
the backside of the scintillator itself. In the case where it is desirable to combine several such imagers, such as one for 
megavoltage imaging and another for burst-by-burst determination of ttie centroid of a scanning beam, the arrays for 
these imagers would be stacked inside of the shielded housing along with tiieir photon-electron converters and scintil- 
lating screens. 

50 [0085] Figure 4 shows the array with known interfacing electronics. Rgure 4 serves to demonstrate how the gate 
select lines 56 can be activated by means of gate select electronics 70 connected to a microprocessor 72 which is con- 
nected to terminal 74. The signal lines 54 are seen to be interfaced witti preamplif ication circuits 75 and analog to digital 
converters 76 which are connected to microprocessor (or imaging workstation) 72 and video monitor 78. 
[0086] Figure 5 shows a radiation machine 80 and a patient 66 lying on table 82 receiving treatment from the radi- 

55 ation beam 10. The shielded housing 60 enclosing tiie array of sensors 50 is seen to lie below the patient underneath 
table 82. The anangement would be similar in ttie case of a diagnostic imager located in a radiotherapy simulator room 
or in a diagnostic x-ray room. 

[0087] The discussion which follows is intended to explain what the term "real-time" means in regard to ttie present 
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invention for both radiographic and fluoroscopic nnodes of operation as well as centroid deterniination of a scanning 
radiotherapy beam. 

[0088] If the invention is to be used for determining the centroid of a scanning megavoltage beam on a pulse-by- 
pulse basis then real-time operation requires that a very large fraction, preferably all. of the sensors be read out 
5 between bursts. This mode of operation is desirable with a scanning megavoltage beam machine. Such a machine typ- 
ically has a variable pulse repetition rate ranging from 60 to 500 hertz. Thus, there are 2 to 1 6.7 milliseconds between 
bursts. The speed at which a given row from the array must be read out to satisfy this real-time requirement will depend 
upon the number of rows per array and the pulse repetition rate. Note that this manner of reading out the array is essen- 
tially a fluoroscopic mode. 

70 [0089] In one form of real-time megavoltage imaging with the invention, it is desired to produce a single image using 
a given amount of radiation and to view the image immediately at the end of the irradiation. This is real-time radio- 
graphic imaging. In one case, it is desired to give the patient a small amount of radiation prior to the main treatment in 
order to verify the correct position of the beam with respect to the patient. In this case, the signals stored in the sensors 
would be allowed to accumulate until the termination of the irradiation, at which time the sensors would be read out. The 

15 state of knowledge of the megavoltage beams indicates that acceptable images should be possible with the invention 
after periods of 0. 1 seconds to several seconds depending upon the imaging situation and desired contrast. In a second 
case, all of the entire treatment dose is used to acquire a single image and the image is viewed immediately after the 
irradiation. This is also a radiographic oKxie of operation. For either of these cases, real-time imaging would certainly 
be achieved if the final picture were available within several seconds or less after irradiation. 

20 [0090] In another form of real-time megavoltage imaging, it is desirable to produce images, one after the other, dur- 
ing the course of a treatment. This Is a fluoroscopic mode of operation. Given that the treatment may last - 10 to 100 
seconds or longer and given that there is imaging information after .1 seconds to several seconds, real-time operation 
in this case demands that the imager be read out as quickly as possible after sufficient information has accumulated in 
the sensors. 

25 [0091 ] In the case of diagnostic x-ray imaging, as in localization imaging, the goal is to produce a high quality image 
with a minimum of radiation. The present invention allows images to be produced in real-time both for fluoroscopic and 
radiographic modes of operation whether the radiation is megavoltage or diagnostic x-ray. 

[0092] With regards to the RC time constant, the invention has been designed so that the rows of sensors can be 
read out as quickly as possible. This is a consequence of the fact that the external electronics which sample the signals 

30 from the sensors also sample noise from various sources, and this noise contribution increases with increasing sam- 
pling periods. Hence, it is highly desirable to keep this noise to a minimum by reducing the period during which the 
charge on the sensors is sampled. As has been mentioned, a major determinant of the speed at which this sampling 
can occur is given by the capacitance of the sensor times the on-resistance of the thin-film-transistor. Thus, by keeping 
the RC time constant to a minimum, the present invention achieves real-time imaging with a superior signat-to-noise 

35 ratio. 

[0093] For a given imaging application, a limitation is placed upon the maximum value that the time constant for the 
pixels. T. may have. This maximum value is related to the following parameters: 



s number of RC time constants taken to sample and reinitialize a given pixel, or equivalently, a row of pixels on 
40 an array. 

L = length of one column of pixels on the array in cm. L divided by P equals the number of rows of the array when 
L and P have the same units. 



45 P = pixel-to-pixel pitch • the distance between centers of adjacent pixels on the array in ^m. 

IFPS = the instantaneous frames per second, i.e., the effective rate at which the array is being read out. This is given 
by the inverse of the sum of the times required to read out all the rows of the array. In fluoroscopic mode, 
Rgure 6, IFPS will be the same as the rate at which images are produced for F-MCDE-A. In other modes 
50 such as F-MODE-B and F-MODE-C. IFPS will be faster than the rate at which images are being produced 

due to pauses built into the readout sequence when no rows are being read out. In radiographic mode, IFPS 
is taken to be - 1.0 second'^ (= 1 FPS) for reasons explained later. 

SN = the inverse of the degree to which the pixels need to be reinitialized so as to be consistent with the signal-to- 
55 noise requirement of the application. For example, if a signal-to-noise of 1000:1 is required by the applica- 

tion, then the pixels need to be reinitialized to at least 1 part In 1000 and thus SN s 1000. 

[0094] Thus, \i one has an array with a column length of L in cm and a pixel pitch of P in pm and if It is desired to 
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have an instantaneous read out rate of iFPS frames per second, then the time available for sampling and recharging 
each row is given by: 

TPR the time (in micro-seconds) for sampling and recharging a single row 
5 = 100 • P/(L • IFPS) 

[0095] The relationship between a desired signal-to-noise. SN. and the number of time constants necessary to 
achieve this signal-to-noise is given by: 

10 1/SN = exp(-NJ 

or equivalentty 

In(SN) = N^ 

15 

[0096] If the pixels are to be reinitialized so as to be consistent with the desired signal-to-noise. SN. then the prod- 
uct of the time constant, t. times the number of time constants. N^. required to achieve the desired signal-to-noise must 
not be greater than the time for reinitializing a single row, TPR: 

20 xxN^^TPR 

[0097] Thus, this last equation allows one to derive the maximum value for the time constant given an array of col- 
umn length L (in cm), pixel pitch P (in pm). and an instantaneous frame rate of IFPS (in fps) and signal-to-noise of SN: 

25 X ^ TPR/N^ ^ 100 • P/(L • IFPS • In(SN)) 



where the units of t are microseconds, i.e.. the time constant must obey the condition: 

30 100 • P * . ^ /EN 

' ^ L ' IFPS • HSN) m-croseconds. (5) 



Thus, given this constraint upon the reinitialization time constant, t. one must design the an'ay so that xrc meets the 
35 required value of x. 

[0098] With respect to the sensors and FETs, a reasonable range of values of the parameters defining the RC time 
constant x is: 

for the sensor thickness, d, from ~0. 1 ^m to ~3 ^m for photosensitive sensors or in the case of thick sensors which 
40 detect the radiation directly without the need for the generation of light, sensor thickness, d, from -50 fim to -2000 
Jim 

for the sensor area, this will be governed by the pitch. For the cun'ent design rules governing array construction, the 
sensor areas for the 270. 450 and 900 jim arrays are given in Table I of "Radiation Response Characteristics of 

45 Amorphous Silicon Anays for Megavoltage Radiotherapy Imaging", submitted for publication to the 1991 IEEE 
Nuclear Science Symposium and Medical Imaging Conference, Antonuk et al. As the pitch decreases, the fraction 
of the area of the an-ay occupied by the sensors (called the "fill factor") decreases, as approximately shown in Fig- 
ure 3 of Antonuk et al. SPIE vol. 1443. Medical Imaging V: Imaging Physics 108-1 19 (1991). For the arrays of the 
3 existing pitches, 270. 450, and 900 ^m, these fill factors are 0.48, 0.62. and 0.83 respectively Moreover, as the 

50 design rules evolve, the fill factors increase allowing progressively finer pitches extending down to perhaps -25 um. 
One example of such a design rule change would be to construct the an-ay so that each thin-film transistor is below 
its associated sensor thereby allowing the sensor to occupy more area thereby increasing the fill factor, a non-lim- 
iting example of which is described in Perez-Mendez et al. M.R.S.. vol. 149. 1989, pp. 621-632. Such a design 
change would in turn allow the p+ doped a-Si:H layer 36. the intrinsic a-Si:H layer 34. the n+ doped a-Si:H layer 32. 

55 and the upper electrode layer 38 to be continuous and non-pixelated thus occupying the entire surface of the array. 
In this case, only the lower electrode layer 22 is pixelated thus defining the individual sensors. This would result in 
the fill factor achieving its maximum value of 1. Biasing lines 40 wouki no longer be necessary as the upper elec- 
trode layer 38 could be connected to an external voltage bias directly. In the case of amorphous selenium sensors. 
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the p+ doped a-Si:H layer 36, the intrinsic a-Si;H layer 34. and the n+ doped a-Si:H layer 32 would be replaced by 
a continuous thick layer of amorphous selenium. Again, the upper electrode layer 38 would be continuous while the 
lower electrode layer 22 would be pixeiated. 

5 - for the width and length, W and U of the gate of the transistor, these may be made as long as required while the 
shortest dimension presently used is ~ 15 \im. This minimum distance could be reduced further to - 8 nm. 

[0099] Ranges for the parameters involved in the determination of time constant by means of equation (5) are pre- 
sented below for a variety of megavoltage and diagnostic imaging applications. A number of examples of the maximum 
w value of the time constant, x, as calculated by means of equation {Si are also given. While this list of examples Is by no 
means exhaustive, these calculations demonstrate that the calculated values for the maximum time constant, t, are 
quite within the capabilities of the invention, over a wide variety of imaging conditions. 

[0100] In the following examples, the relationship between the value of IFPS used in the calculations to the imaging 
conditions is as follows. By far. the most straightfon<vard and convenient manner of operating the array is in a cyclic man- 

15 ner wherein the pattern of recharging of the rows is exactly repeated, cycle after cycle, A variety of such manners for 
both radiographic and fluoroscopic imaging are illustrated in Figures 6 and 7. For fluoroscopy, continual recharging of 
each row of pixels, one row immediately after the other without pause, is one of the simplest manners and is illustrated 
as F-Mode-A in Figure 6. in this case. IFPS Is simply equal to the rate at which images are being produced, i.e. the 
frame rate, and this is the manner of operating the array assumed in the following fluoroscopic examples. For other 

20 alternative manners of fluoroscopic operation such as those shown in Figure 6. the value of IFPS is simply determined 
once the various timings are specified. For radiography, recharging each row. one immediately after the other, with a 
pause in this sequence during the irradiation to allow signal integration in the pixels is a straightforward manner of ini- 
tializing the array before the irradiation and reading out the imaging Information after the irradiation. This is illustrated in 
examples R-Mode-A, R-Mode-B. and R-Mode-C in Figure 7. For real-time radiography, it Is desirable to present an 

25 image within several seconds after the irradiation. Since time is required by the interfacing electronics and the Imaging 
workstation, it Is a reasonable goal to read out the entire array in - 1 second after the irradiation. This is also sufficiently 
fast that the effect of post-irradiation pixel drift upon the image quality will be relatively small. In the following radio- 
graphic examples, it Is assumed that the readout rate is identical before and after the Irradiation. In this case, the value 
of IFPS appropriate for calculations in Equation (5) is 1 fps for radiographic mode. For a different readout speed and/or 

30 alternative manners of radiographic operation, the value for IFPS Is again determined once the various timings are 
specified. 

[0101 ] For alt of the examples of time constant calculations given below, it should be understood that these are the 
"maximum" values that would allow the readout conditions described. They are based solely on the idea that the sam- 
pling and reinitialization times and the speed of image presentation are the only factors contributing to the required 
35 speed of the readout of the rows. Other effects such as those previously described and practical problems that one 
encounters in the electronics would make It prudent to design the arrays so to provide values for x approximately one- 
half of these calculated limiting values. Again, it is well within the capabilities of the invention to satisfy this more strin- 
gent requirement. 
For radiotherapy: 

40 

for real-time Imaging of the megavoltage beam 

the pitch. P. will range from ~ 400 ^m to - 1 .500 jim 

45 ' the length of a side of the sensitive region of the array. U will range from -20 cm to -60 cm; 

in fluoroscopic mode, the frame rate will range from 10 frames per second to ~ 1 frame every 10 seconds. In 
radiographic mode, the irradiation period for an image will range from -0.10 seconds to as long as -100 sec- 
onds. However, in radiographic mode at the end of an irradiation integration period, it is desirable to actually 
so perform the readout of the an-ay In - 1 .0 second. This Is sufficiently fast that, along with the time required by 

the interfacing electronics and imaging workstation, the image may be presented within several seconds of the 
irradiation. In fluoroscopic imaging, IFPS is equal to the actual frame rate while in radiographic imaging, IFPS 
is equal to - 1 .0 fps. 

55 - SN will range from - 1 0 to - 1 0.000: 

Consequently, some limiting cases tor the time constant are: 
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10 



For a high resolution, very large array, operated at a Ngh frame rate, with a reasonably high signal-to-noise, 
corresponding to P = 400 ^m. L = 50 cm. IFPS = 10 fps. SN = 1,000, such as used for fluoroscopic megavolt- 
age imaging, 

For a low resolution, medium size array, operated in radiographic mode, with a reasonably high signal-to-noise, 
conresponding to P = 1 .500 ^im, L = 20 cm, IFPS = 1 fps, SN = 1 ,000, such as used in radiographic megavolt- 
age Imaging, 

X 5 ~ 1090 us 



For a high resolution, large array, operated in radiographic mode with a long integration period giving a very 
high signai-to-noise, corresponding to P » 400 ^m, L s 50 cm, IFPS = 1 fps, SN = 10,000. such as used in nadi- 
rs ographic megavoltage imaging. 

T ^ - 87 jis 

For radiotherapy: 

20 

- for tracking of a scanning radiotherapy beam: 

the pitch, P, will range from 500 nm to 10,000 jim; 
25 - L will be as above; 

- the frame rate. IFPS. will range from 500 frames per second to - 1 frame per second; 

- SN will range from - 1 0 to ~ 1 0,000. 

Consequently, some limiting cases for the timing constant are: 

For a high resolution, very large array, operated at a high frame rate, with a low signai-to-noise correspond- 
ing, to P = 1 .000 pm. L = 60 cm. IFPS = 500 fps. SN = 100. 

T 5 ~ 0.7 jis 

For a high resolution, small array, operated at a high frame rate, with a low signal-to-noise corresponding 
to P = 1.000 [im, L = 20 cm, IFPS = 500 fps, SN = 10. 



30 



35 



40 



45 



SO 



T 5 - 4.3 ^s 

For a low resolution, small an'ay, operated at a low frame rate, with a high signal-to-noise, corresponding 
to P a 10.000 tim. L = 20 cm. IFPS =» 1 fps, SN » 10.000. 

X ^ - 5430 ^is 

For a high resolution, smail array, operated at a high frame rate, with a low signal-to-noise, corresponding 
to P = 1000 Jim, L = 25 cm. IFPS = 500 fps. SN =. 10. 



X ^ - 3.5 \is 

For diagnostic imaging: 
55 - the pitch. P, will range from - 25 ^m to - 500 jim 

the length of a side of the sensitive region of the array. U will range from - 2 cm to - 60 cm; 
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in fluoroscopic mode, the frame rate will range from ~ 120 frames per second to - 1 frame per second. In radio- 
graphic mode* the irradiation period for an image will range from - 1 ps to 10 seconds. However, in radiographic 
mode at the end of an irradiation period, it is desirable to actually perform the readout of the array in • 1 .0 second. 
This is sufficiently fast that, along with the time required by the interfacing electronics and imaging workstation, the 
image may be presented within several seconds of the irradiation, in fluoroscopic imaging. IFPS is equal to the 
actual frame rate while in radiographic imaging. IFPS is equal to - 1.0 fps. 

SN will range from - 10 to ~ 10.000. 

Consequently, some limiting cases for the time constant are: 

For a very high resolution, moderately large array, operated in radiographic mode, with a reasonable signal-to- 
noise, corresponding to P = 25 jim, L = 30 cm. IFPS = 1 fps. SN = 1 ,000. such as used for radiographic breast 
imaging. 

T ^ - 12 ^is 

For a very high resolution, moderately large an-ay, operated in radiographic mode, with a high signal-to-noise, 
corresponding to P = 25 jim. L = 30 cm, IFPS = 1 fps, SN = 10.000, such as used for radiographic breast imag- 
ing, 

X ^ - 9 jis 

For a moderately low resolution, small array, operated at a very high frame rate, with a reasonable signal-to- 
noise, corresponding to P - 200 ^m. L = 25 cm. IFPS s 120 fps. SN = 1,000. such as used for fluoroscopic- 
cardiac imaging, 

X ^ - 1.0 lis 

For a moderately low resolution, small array, operated at a very high frame rate, with a very high signal -to- 
noise. corresponding to P = 200 ^m, L = 25 cm, IFPS = 120 fps, SN = 10,000, such as used for fluoroscopic 
cardiac imaging, 

X 5 ~ 0.7 US 

For a high resolution, large array, operated in radiographic mode, with a high signal-to-noise, corresponding to 
P = 1 00 ^m. L = 43 cm. IFPS = 1 fps. SN = 1 .000, such as used for radiographic chest imaging. 

X ^ - 34 [is 

For a high resolution, large array, operated in radiographic mode, with a very high signal-to-noise, correspond- 
ing to P 100 pm, L = 43 cm. IFPS = 1 fps. SN = 10,000. such as used for radiographic cardiac imaging, 

X ^ - 25 jis 

- For a low resolution, small array, operated at a low frame rate, with a high signai-to-noise. corresponding to P 
a 500 ^m. L = 25 cm, IFPS = 1 fps, SN a 1.000. such as used for general fluoroscopy. 

X ^ - 290 fis 

For a low resolution, small array, operated at a low frame rate, with a low signal-to-noise, corresponding to P = 
500 )xm. L s 25 cm. IFPS = 1 fps, SN = 100, such as used for general fluoroscopy. 

X ^ - 434 \iS 

For a low resolution, small array, operated at a high frame rate, with a high signai-to-noise, con'esponding to P 
= 500 ^m, L 3 25 cm, IFPS 60 fps. SN 1.000. such as used for general fluoroscopy, 
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T ^ - 4.8 \iS 



10 



15 



For a high resolution, small array, operated at a high frame rate, with a high signal-to-noise, con^esponding to 
P 3 100 MHi. L a 25 cm, IFPS » 60 fps. SN = 1.000. such as used for general fluoroscopy. 



X 5 - 1.0 tiS 



For a high resolution, small array, operated at a low frame rate, with a high signai-to-noise. con^esponding to P 
a 100 ^m. L 3 25 cm. IFPS s 1 fps. SN s 1 .000. such as used for general fluoroscopy, 



T ^ ~ 58 



For a high resolution, large array, operated at a low frame rate, with a high signal-to-noise, corresponding to P 
= 100 ^m. L = 60 cm, IFPS s 1 fps. SN s i .000, such as used for general fluoroscopy, 



T ^ - 24 nS 



• For a high resolution, large array, operated at a high frame rate, with a high signal-to-noise, corresponding to 
P a 100 \im, L 3 60 cm. IFPS ^ 60 fps. SN i ,000. such as used for general fluoroscopy, 

20 

T ^ ~ 0.40 ^s 



For a very high resolution, very small array, operated in radiographic mode, with a high signal-to-noise con-e- 
sponding to P » 25 ^m. L s 2 cm, IFPS 1 fps. SN » 1000. such as used for dental radiographic imaging. 

25 

T < - 181 ^sec 

[01 02] Summarizing, for the various anticipated applications: 
30 ^ 25^ P^ 10.000 (^m) 

- 2 < L ^ 60 (cm) 
- 1 ^ IFPS 5 ~ 500 (fps) 

35 

10 ^ SN ^ - 10,000 



[0103] The present invention makes possible the detection of the centroid of the megavoitage radiation beam as 
many times per second as there are radiation bursts and the determination of the transmitted radiation dose on a burst- 

40 by-burst basis. Further, the present invention verifies the radiation dose is directed upon the desired target area. The 
present invention achieves a superior signal-to-noise ratio and receives enough information for a megavoitage image 
to be formed in 0.10 seconds. (10 images a second), the only limitation being the speed of the processing hardware. 
[0104] The present invention may be used for years at a time without a degradation in performance due to contin- 
ued exposure to megavoitage radiation. When there is some radiation damage to ttie anray. a simple heat treatment at 

45 1 30- 1 50°C restores the original characteristics of the device. 

[01 05] The present invention allows the replacement of the bulky XRII unit with a thin, light, flat panel digital imaging 
system whose profile offers minimal obstruction, which is free of distortion, glare, and the effects of magnetic fields. 
(01 06] The present invention allows the replacement of x-ray film and scanning-laser-stimulated-Iuminescence sys- 
tems which do not allow the possibility of real-lime presentation of x-ray images and require relatively non-portable 

50 developing units or readers with a light flat-panel digital imaging system allowing immediate real-time presentation of 
x-ray images with no need for a bulky developing unit or reader and which may be made portable. 
[0107] Finally, the present invention allows the creation of combinations of imagers which are stacked one on top 
of the other. The various imagers in the stack may be optimized for various forms of imaging. 
[0108] Obviously, numerous modifications and variations of the present invention are possible in light of the above 

55 teachings. It is therefore to be understood that within the scope of the appended claims, the invention may be practiced 
othenivise than as specifically described herein. 



17 



EP0 724 729 B1 



Claims 



1 . An imaging device for use with an incident ionizing radiation beam, comprising: 



5 signal conversion means including an array (50) of pxel sensors (30). each having a predetermined capaci- 

tance, for converting the incident ionizing radiation beam (10) into an electron hole-pair signal and storing said 
signal at the plurality of pixel sensors, said an^ay of pixel sensors having a pixel-pixel pitch P in jim and a length 
L in cm. of one column of pixels sensors of the an-ay; 

switching means (52) including a plurality of transistors, each having a predetermined resistance, wherein 
10 each of said plurality of transistors reads out the signal stored by an associated one of said plurality of pixel 

sensors; and 

electronic circuit means (56, 70, 72) for sampling the signals from the array of pixel sensors at an instantane- 
ous frame rate per second IFPS. which is the effective rate at which the array is being readout, and so as to 
reinitialize the pixel sensors for a time sufficient to achieve a desired signal-to-noise SN which is the inverse of 
75 the degree to which each pixel sensor needs to be sampled and thus recharged; 

wherein the capacitance of one of the plurality of pixel sensors when multiplied by the resistance of an associ- 
ated transistor yield a time constant, f^sec. satisfying the following relationship, which thereby permits 
real-time imaging of said radiation beam. 



20 



25 



100 -P 



^RC L*IFPS'\n(SN) 

where 

-25 <P^ -10.000. 
-2 < L ^ -60, 
-1 5 IFPS ^-500. and 

30 -10 ^SN 5 -10,000. 

2. A device according to claim 1 . wherein for a given radiotherapy application. 

-400 SPS -1500. 

35 

-20 ^ L ^ -60. 
-1 ^ IFPS ^-10, and 
40 Xrc^IOSOjiS. 

3. A device according to claim 1 . wherein for a given radiotherapy application. 

-500 ^P^ -10,000. 

45 

-20 ^ -60, and 
T PC ^ 5430 \is. 

50 4. A device according to claim 1 . wherein for a given diagnostic imaging application. 

-25 5 P ^ -500. 
-1 ^ IFPS ^-120, and 

55 

t ^ 434 ^s. 
5. A device according to claim 1 , further comprising: 
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means (80) for generating a megavoltage radiation beam or diagnostic x-ray beam as said incident ionizing 
radiation beam (10). 

6. A device according to Claim 1 . wherein the plurality of transistors are thin film field effect transistors. 

5 

7. A device according to Claim 1 , wherein said plurality of transistors are fabricated of polycrystalline silicon. 

8. A device according to any one of Claim i -7, wherein the signal conversion means consists of said array (50) of pixel 
sensors (30). wherein an imaging signal, originating from direct interaction of the incident ionizing radiation with the 

10 sensors (30) in the creation of electron-hole pairs which are stored in the capacitance of each pixel sensor, is pro- 
duced. 

9. A device according to Claim 8, wherein said pixel sensors (30) comprise hydrogenated amorphous silicon diodes. 

15 10. A device according to Claim 8, wherein said pixel sensors (30) comprise a layer of chalcogenide glass., 

11 . A device according to Claim 10, wherein said chalcogenide glass comprises amorphous selenium. As2Se3, GeSe2 
and related alloys. 

20 12. A device according to any one of Claims 8. 9. 10 and 11. wherein said pixel sensors (30) are 50 ^m to 2000 |im 

thick. 

13. A device according to Claim 1. wherein said the signal conversion means comprise: 

25 means (44) for converting said radiation beam to visible light: and 

plural photosensitive sensors (30) formed of a material selected from the group consisting of a-SixC^.^^H, 0 < 
X < 1, a-SiyGei.yiH, 0 < y < 1. a-Si:H. and microcrystalline silicon, each sensor having oppositely doped exte- 
rior layers (32, 36) sandwiching an intrinsic layer (34) to define a p-i-n structure or an n-i-p structure. 

30 14. A device according to Claim 13, wherein said plural photosensitive pixel sensors (30) comprise: 

a layer (32) facing said converting means (44) and comprising doped a-Si:H. doped Six:Ci.x:H or doped micro- 
crystalline silicon. 

35 1 5. A device according to Claim 13, further comprising: 

bias means (40) for applying a reverse bias to said photosensitive pixel sensors. 

1 6. A device according to claim 1 . wherein: 

40 

said signal conversion means comprises a scintillation layer (44); 
and 

the array (50) of pixel sensors (30) is optically coupled to the scintillation layer, each photosensitive sensor hav- 
ing a first semiconductor layer (32) doped to a first conductivity type, a second semiconductor layer (36) doped 
45 to a second conductivity type, and an intrinsic semiconductor layer (34) sandwiched between said first and sec- 

ond semiconductor layers. 

17. A device according to Claim 16. wherein said photosensitive pixel sensors (30) comprise: 

50 plural sensors formed of a material selected from the group consisting of a-SixC^x-H. 0 < x < 1 . a-SiyGe).y:H, 

0 < y < 1. a-Si:H. and microcrystalline silicon, each sensor having oppositely doped exterior layers (32. 36) 
sandwiching an intrinsic layer (34) to define a structure selected from the group consisting of a p-i-n structure 
and an n-i-p structure. 

55 18. A device according to Claim 1 7, wherein said plural photosensitive pixel sensors (30) comprise: 

a layer (32), facing said scintillation layer (44). and comprising doped a-Si:H. doped Six:Ci.x:H or doped micro- 
crystalline silicon. 
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19- A device according to Claim 1 7, comprising: 

means (80) for generating megavoltage radiation bursts as said incident radiation bursts: and 
said signal conversion means comprising a conversion layer (46) for converting photons from the radiation 
5 bursts into electrons, said scintillation layer (44) converting the electrons created in the conversion layer (46) 

to visible light. 

20. A device according to Claim 16. wherein each transistor (52) is a thin film field effect transistor. 

10 21. A device according to Claim 20. further comprising: 

an upper electrode layer (38) transparent to the visible fight so as to allow the visible light from the scintillation 
layer (44) to pass therethrough: 
a lower electrode layer (22): and 
15 wherein said photosensitive sensors (30) are located between the upper and lower electrode layers. 

22. A device according to Claim 20. wherein each said thin film field effect transistor comprises: 

a gate contact region (14): 
20 a gate dielectric layer (1 6) placed overthe gate contact region; 

an a-Si:H layer (18) placed over the gate dielectric layer; 

a second dielectric layer (24) located directiy above the gate contact region and connected to the a-Si:H layer; 
a first doped a*Si:H source region (29) and a second doped a-Si:H drain region (25) connected to selected por- 
tions of said a-Si:H layer and positioned on opposed sides of the gate contact region and separated by said 
25 second dielectric layer; 

a drain contact (26) in contact with said second doped region; and 
a source contact (28) in contact with said first doped region. 

23. A device according to Claim 22, wherein: 

30 

the source contact (28) is connected to the lower electrode layer (22). 

24. A device according to Claim 1 7, further comprising: 

35 bias means (40) for applying a reverse bias to said photosensitive pixel sensors. 

25. A device according to Claim 1 . for storing and retrieving an imaging signal obtained as a result of diagnostic X-rays 
for purposes of realizing real-time images, wherein: 

40 the array (50) of a plurality of pixel sensors is arranged in rows and columns; 

each of said sensors (30) has a first semiconductor layer (32) doped to a first conductivity type, a second sem- 
iconductor layer doped to a second conductivity type (36). and an intrinsic layer (34) sandwiched between said 
first and second semiconductor layers: 

an upper electrode (38) layer transparent to visible light is connected atop said first semiconductor layer of 
45 each of said sensors. 

a lower electrode layer (22) is connected below said second semiconductor layer of each of said sensors; and 
the plurality of transistors comprises thin film field effect transistors (52). 

26. A device according to Claim 23. wherein each thin film field effect transistor of said plurality of transistors corn- 
so prises: 

a gate contact region (14); 

a gate dielectric layer (16) placed over the gate contact region; 
an a-Si:H layer (18) placed over the gate dielectric layer. 
55 a second dielectric layer (24) located directiy above the gate contact region and connected to the a-Si:H layer; 

a first doped a-Si:H source region (29) and a second doped a-Si:H drain region (25) connected to selected por- 
tions of said a-Si:H layer and positioned on opposed sides of the gate contact region and separated by said 
second dielectric layer; 
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a drain contact (26) in contact with said second doped region; and 
a source contact (28) in corrtact with said first doped region. 

27. A device according to Claim 26. comprising: 

5 

a lower electrode layer (22) integrally formed with said source contact. 

28. A device according to Clairh 27, further comprising: 

10 a biasing line (40) located in a given column of the array and connected to the upper electrode layer atop the 

first a-Si:H layer of each sensor of said plurality of sensors in the given column. 

29. A device according to Claim 28. further comprising: 

75 a signal line (54) located in the given column of the array and connected to the drain of each thin-film field effect 

transistor of said plurality of transistors in the given column. 

30. A device according to Claim 29, further comprising: 

20 a gate select line (56) located in a given row of the array and connected to the gate of each thin-film field effect 

transistor of said plurality of transistors in the given row. 

31 . A device according to Claim 30, further comprising: 

2S a shielded housing (60) enclosing said array of sensors. 

32. A device according to Claim 31 . comprising: 

said shielded housing (60) comprising a photon-to-electron conversion layer (46); and 
30 a scintillation layer (44) formed over said photon-to-electron conversion layer connected to the upper electrode 

layer (38) atop each sensor (30) of said plurality of sensors. 

33. A device according to claim 1 . having a plurality of said arrays (50) of pixel sensors (30) one stacked upon the other, 
with each array of said plurality of arrays having a plurality of sensors arranged in rows and columns, each an-ay 

35 (50) comprising: 

a scintillation layer (44) to convert incident radiation signals into a visible light signal; 

a photosensitive elements (30) each comprising a first semiconductor layer (32) doped to a first conductivity 

type, a second semiconductor layer (36) doped to a second conductivity type, and an intrinsic layer (34) sand- 

40 wiched between said first and second semiconductor layers; 

a thin film field effect transistor (52), connected to said photosensitive elements and formed upon a common 
substrate (12) with said photosensitive element, for reading out a signal from said element, said transistor and 
respective photosensitive element forming one pixel, wherein a capacitance of each photosensitive element 
when multiplied by a resistance of the transistor connected thereto yield a time constant, t^q* in ^sec which 

45 satisfies the following relationship and which thereby permits real-time imaging of said incident radiation sig- 

nals, 

100 *P 
^flc ^ L^iFPS'\n{SN) 

so where 

P = the pixel-pixel pitch in nm. where -25 ^ P ^ -10,000, 

L = the length, in cm. of one column of pixels sensors of the array, where -2 s L ^ -60. 
IFPS = instantaneous frame rate per second which is the effective rate at which the array is being readout, 
55 where -1 ^ UFPS ^ -500. and 

SN = the inverse of the degree to which each pixel sensor needs to be sampled and thus recharged, where 
-10 5 SN 5 -10,000. 
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34. A device according to Claim 33, further comprising: 

bias means (40) for applying a reverse bias to each said photosensitive element 

5 35. A device according to any one of Claims 1 *34, wherein each transistor is located vertically beneath the respective 
sensor associated therewith, 

Patentanspruche 

10 1 . Abbildungsvonrichtung fOr die Venwendung mit einem einfalienden lonisationsstrahl mit: 

einer Signal umwandlungseinrichtung mit einer Anordnung (50) aus Pixelsensoren (30) mit jeweils einer vorbe- 
stimmten Kapazitat zum Umwandein des einfalienden lonisationsstrahts (10) zu einem Elektron-Loch-Paar- 
Signal und zum Speichern des Signals in der Vielzahl von Pixelsensoren. wobei die Anordnung von Pixelsen- 
IS soren einen Pixei-Pixel-Abstand P in ^m und eine Ldnge L in cm einer Spalte von Pixelsensoren in der Anord- 

nung aufweist. 

einer Schatteinrichtung (52) mit einer Vielzahl von Transistoren mit jeweils einem vorbestimmten Widerstand, 
wobei jeder aus der Vielzahl der Transistoren das Signal ausliest. das durch einen assoziierten Pixelsensor 
20 aus der Vielzahl von Pixelsensoren gespeichert wird, und 

einer elektronischen Schaltungseinrichtung (56. 70, 72) zum Abtasten der Signale von der Anordnung von 
Pixelsensoren mit einer Momerrtanbildrate pro Sekunde (IFPS), welche die effektive Rate ist, mit welcher die 
Anordnung ausgelesen wird. und zum Neulnitialisieren der Pixelsensoren fur eine ausreichende Zeitspanne. 
25 um ein gewunschtes Signal- Rauschen-Verhaitnis zu erhalten, das die Inverse des Grades ist. mit dem jeder 

Pixelsensor abgetastet und damit wieder aufgeladen werden muB, 

wobei die Kapazit^t von einem aus der Vielzahl von Pixelsensoren mit dem Widerstand von einem assoziierten 
Transistor multipliziert eine Zeitkonstante Trc in \is ergibt. welche die folgende Beziehung erfullt. um eine 
Echtzeit-Abbildung des Strahles zu ermOglichen. 



30 



L-IFPSMn(SN) 
wobei 

35 -25^P ^ -^10000. 

-^25 5 L ^ -60. 
-1 ^ IFPS 5 -500. und 

40 

-10 ^SN$ -10,000. 

2. Vorrichtung nach Anspruch 14 wobei fur eine bestimmte Strahlungstherapieanwendung 
45 -400 ^P^ -1500. 

-20 ^ L 5 -60. 
-1 s IFPS 5 -10 und 

so 

Tp|j3 ^ 1090 jis. 

3. Vorrichtung nach Anspruch 1 . wobei fur eine bestimmte Strahlungstherapieanwendung 
55 -SOO^P ^ -10000. 

•20 ^L^ -60, und 
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Trc^5430jiS. 

4. Vorrichtung nach Anspruch 1 , wobei fur eine bestimmte diagnostische Abbildungsanwendung 
5 --25 ^ L 5 -500. 

-1 ^ IFPS^ ~120.und 
Trc^434 us. 

10 

5. Vorrichtung nach Anspruch 1 . welche weiterhin umfaQt: 

eine Einrichtung (80) zum Erzeugen eines Megaspannungsstrahis Oder eines diagnostischen ROntgenstrahls 
als einfallenden lonlsationsstrahl (10). 

IS 

6. Vorrichtung nach Anspruch 1. wobei die Vielzahl von Transistoren Dunnfilmfeideffekttransistoren sind. 

7. Vorrichtung nach Anspruch 1, wobei die Vielzahl von Transistoren aus polykristailinem Silizium hergestellt sind. 

20 8. Vorrichtung nach wenigstens einem der AnsprOche 1 bis 7, wobei die Signalumwandlungseinrichtung aus der 
Anordnung (50) von Pixelsensoren (30) besteht. wobei ein Abbildungssignal erzeugt wird. das aus der direklen 
Interaktion der einfallenden lonisationsstrahlung mit den Sensoren (30) bei der Erzeugung von Elektron-Loch-Paa- 
ren entsteht, die in der Kapazitdt jedes Pixelsensors gespeichert sind. 

25 9. Vorrichtung nach Anspruch 8. wobei die Pixelsensoren (30) hydrierte annorphe Siliziumdioden umfassen. 

10. Vorrichtung nach Anspruch 8. wobei die Pixelsensoren (30) eine Schicht aus Chalkogenidglas umlassen. 

11. Vorrichtung nach Anspruch 10. wobei das Chalkogenidglas amorphes Selen, AsaSes. GeSe2 und verwandte 
30 Legierungen umfa3t. 

1 2. Vorrichtung nach wenigstens einem der Anspruche 8. 9, 80 und 1 1 . wobei die Pixelsensoren (30) 50 bis 2000 
\im dick sind. 

35 13. Vorrichtung nach Anspruch 1 , wobei die Signaiumwandlungseinrichtung umfaSt: 
eine Einrichtung (44) zum Umwandein des Strahls zu sichtbarem Licht. und 

mehrere lichtempfindliche Sensoren (30) aus einem Material aus der Gruppe, die a-SixCi.x-H, 0 < x < 1, a- 
40 SiyGei.yiH. 0 < y < 1 . a-Si:H und mikrokristailines Silizium umfaBt. wobei jeder Sensor ungleichnamig dotierte 

auBere Schichten (32. 36) umfaBt. welche eine eigenlertende Schicht (34) umgeben, urn eine p-i-n-Struktur 
Oder eine n-i-p-Struktur zu definieren. 

14. Vorrichtung nach Anspruch 13. wobei die mehreren lichtempfindlichen Pixelsensoren (30) umfassen: 

4S 

eine Schicht (32). welche gegenOber der Umwandlungseinrichtung (44) angeordnet ist und dotiertes a-SI:H. 
dotiertes SixiC^x-H Oder dotiertes mikrokristailines Silizium umfaBt. 

15. Vorrichtung nach Anspruch 13. welche weiterhin umfaBt: 

50 

eine Vorspannungseinrichtung (40) zum Aniegen einer Sperrvorspannung an den lichtempfindlichen Pixelsen- 
soren. 

16. Vorrichtung nach Anspruch 1. wobei 

55 

die Signalumwandlungseinrichtung eine Szintillationsschicht (44) umfaBt, und 

die Anordnung (50) von Pixelsensoren (30) optisch mit der Szintillationsschicht gekoppelt ist, wobei jeder licht- 
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empftndiiche Sensor eine erste Halbleiterschicht (32), die mit einem ersten Leitfdhigkeitstyp dotiert ist. eine 
zweite Halbleiterschicht (36). die mit einem zweiten Leitfdhigkeitstyp dotiert ist und eine eigenleitende Halblei- 
terschicht (34) umfaQt. die zwischen der ersten und der zweiten Halbleiterschicht vorgesehen ist. 

17. Vorrichtung nach Anspruch 16, wobei die lichtempfindlichen Pixelsensoren (30) umfassen: 

mehrere Sensoren aus einem Material aus der Gruppe, die a-SixC^.^iH, 0 < x < 1 . a-SiyGei.yiH. 0 < y < 1 , a- 
Si:H und milvoKristaliines Silizium unrrfaBt. wobei jeder Sensor ungleichnamig dotierte du6ere Schichten (32, 
36) um1al3t. welche eine eigenleitende Schicht (34) umgeben, um eine p-i-n-Struktur oder eine n-i-p-Struktur 
zu definieren. 

18. Vorichtung nach Anspruch 17, wobei die mehreren lichtempfindlichen Pixelsensoren (30) umfassen: 

eine Schicht (32), die gegenuber der Szintiilationsschicht (44) angeordnet ist und dotiertes a-Si:H. dotiertes 
SixiC^.xiH Oder dotiertes mikrokristallines Siiizium umfaBt. 

19. Vorrichtung nach Anspruch 17, welche umfaBt: 

eine Einrichtung (80) zum Erzeugen von Megaspannungs-StrahlungsstOBen als einfiallenden StrahlungsstO- 
Ben. und 

wobei die Signalumwandiungeinrlchtung eine Umwandlungsschicht (46) zum Umwandein von Photonen aus 
den StrahlungsstOBen zu Elektronen umfaBt. wobei die Szintiilationsschicht (44) die in der Umwandlungs- 
schicht (46) erzeugten Elektronen zu sichtbarem Licht umwandett. 

20. Von^ichtung nach Anspruch 16. wobei jeder Transistor (52) ein Dunnfilmfeideffekttransistor ist. 

21. Von-ichtung nach Anspruch 20, welche weiterhin umfaBt: 

eine obere Elektrodenschicht (38), die fOr das sichtbare Licht durchldsstg ist. um das sichttsare Licht von der 
Szintiilationsschicht (44) durchzulassen, 

eine untere Elektrodenschicht (22). und 

wobei die lichtempfindlichen Sensoren (30) zwischen der oberen und der unteren Elektrodenschicht vorgese- 
hen sind. 

22. Von'ichtung nach Anspruch 20, wobei jeder DDnnfilmfeldeffekttranststor umfaBt: 

einen Gatekontaktbereich (14), 

eine dielektrische Gateschicht (16) uber dem Gatekontaktbereich, 
eine a-Si:H-Schicht (18) uber der dielektrischen Gateschicht. 

eine zweite dielektrische Schicht (24). die direkt Ober dem Gatekontaktbereich angeordnet und mit der a-Si:H- 
Schicht vertxinden ist. 

einen ersten dotierten a-Si:H-Sourcebereich (29) und einen zweiten dotierten a-Si:H-Drainbereich (25). die mit 
ausgew^hlten Teilen der a-Si:H-Drainbereich (25) verbunden sind, auf gegenuberiiegenden Seiten des Gate- 
kontaktbereichs angeordnet sind und durch die zweite dielektrische Schicht getrennt werden. 

einen Orainkontakt (26) in Kbntakt mit der zweiten dotierten Bereich. und 

einen Sourcekontakt (28) in Kontakt mit dem ersten dotierten Bereich. 

23. Vorrichtung nach Anspruch 22. wobei 

der Sourcekontakt (28) mit der unteren Elektrodenschicht (22) vertsunden ist. 
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24. Vorrichtung nach Anspruch 1 7. welche weiterhin umfafSt: 

eine Vorspannungseinrichtung (40) zum Aniegen einer Sperrspannung an den lichtempf indlichen Pixelsenso- 
ren. 

25. Vorrichtung nach Anspruch 1 zum Speichern und Abrufen eines Bildsignals, das ais Ergebnis von diagnostischen 
ROntgenstrahlen zum Realisieren von EchtzeHbildem erhalten wind, wobel: 

die Anordnung (50) aus einer Vielzahl von Pixelsensoren in Reihen und Spalten angeordnet ist, 

jeder der Sensoren (30) eine erste Haibleiterschicht (32), die mit einem ersten LeitfShigkeitstyp dotiert ist. eine 
zweite Haibleiterschicht. die mit einem zweiten Leitf^igkeitstyp dotiert ist. und eine eigenleitende Schicht (34) 
umfaBt. die zwischen der ersten und der zweiten Haibleiterschicht vorgesehen ist. 

eine cbere Elektrodenschicht (38). die fOr sichibares Lichtdurchldssig ist. Qber der ersten Haibleiterschicht von 
jedem der Sensoren verbunden ist, 

eine untere Elektrodenschicht (22) unter der zweiten Haibleiterschicht von jedem der Sensoren vert)unden ist, 
und 

die Vielzahl von Transistoren Dunnfilmfeideffekttransistoren (52) umfaBt. 

26. Vorrichtung nach Anspruch 23. wobei jeder Dunnfilmfeldeffekttransistor aus der Vielzahl von Transistoren umfaBt: 

einen Gatekontaktbereich (14). 

eine dielektrische Gateschicht (16) uber dem Gatekontaktbereich. 
eine a-Si:H-Schicht (18) Ober der dielektrischen Gateschicht. 

eine zweite dielektrische Schicht (24), die direkt uber dem Gatekontaktbereich angeordnet und mit der a-Si:H- 
Schicht verbunden ist. 

einen ersten dotierten a*SI:H-Sourcebereich (29) und einen zweiten dotierten a-Si:H-Drainbereich (25). die mit 
ausgewahlten Teilen der a-Si:H-Schicht verbunden sind, auf gegenuberliegenden Seiten des Gatekontaktbe- 
reichs angeordnet sind und durch die zweite dielektrische Schicht getrennt werden, 

einen Orainkontakt (26) in Kontakt mit dem zweiten dotierten Bereich. und 

einen Sourcekontakt (28) in Kontakt mit dem ersten dotierten Bereich. 

27. Vorrichtung nach Anspruch 26 mit: 

einer unteren Elektrodenschicht (22). die einstuckig mit dem Sourcekontakt ausgebikJet ist 

28. Vorrichtung nach Anspruch 27. welche weiterhin umfaf3t: 

eine Vorspannungsleitung (40). die in einer bestimmten Spaite der Anordnung positioniert ist und mit der obe- 
ren Elektrodenschicht uber der ersten a-Si:H-Schicht von jedem Sensor aus der Vielzahl von Sensoren in der 
bestimmten Spaite vert}unden ist. 

29. Vorrichtung nach Anspruch 28, welche weiterhin umfa3t: 

eine Signalleitung (54). die uber der bestimmten Spaite der Anordnung angeordnet und mit dem Drain jedes 
Dunnfilnnfekieffekttransistors aus der Vielzahl von Transistoren in der bestimmten Spaite vert)unden ist. 

30. Vorrichtung nach Anspruch 29. welche weiterhin umfaBt: 
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eine Gateauswahlleitung (56), die in einer bestimmten Reihe der Anordnung positioniert ist und mit dem Gate 
jedes DQnnfilmfeideffekttranistors aus der Vielzahl von Transistoren in der bestimmten Reihe verbunden ist 

31. Vorrichtung nach Anspmch 30. welche weiterhin umfel3t: 

5 

ein abgeschirmtes Gehduse (60), welches die Anordnung von Sensoren umschlieBt. 

32. Vorrichtung nach Anspruch 31 , welche weiterhin umfa3t: 

10 ein abgeschirmtes Gehduse (60). welches eine Photon-zu-Elektron-Umwandlungsschicht (46) umfa3t. und 

eine Szintillationsschlcht (44). die uber der Photon-zu-Elektron-Umwandlungsschicht ausgebildet ist und mit 
der oberen Elektrodenschicht (38) uber jedem Sensor (30) aus der Vielzahl von Sensoren verbunden ist. 

75 33. Vorrichtung nach Anspruch 1 mit einer Vielzahl von ubereinander angeordneten Anordnungen (50) von Pixelsen- 
soren (30). wobei jede Anordnung aus der Vielzahl von Anordnungen eine Vielzahl von Sensoren umfal3t. die in 
Relhen und Spaiten angeordnet sind. wobei jede Anordnung (50) um1a6t: 

eine Szintillationsschicht (44) zum Umwandein von einfallenden Strahlungssignalen zu einem Signal aus sicht- 
20 barem Licht. 

lichtempfindliche Elemente (30), welche jeweils eine erste Halbleiterschicht (32), die mit einem ersten Leitfa- 
higkeitstyp dotiert ist. eine zweite Halbleiterschicht (36), die mit einem zweiten Leitfahigkeitstyp dotiert ist, und 
eine eigenleitende Schicht (34) umfalBt. welche zwischen der ersten und der zweiten Halbleiterschicht vorge- 
25 sehen ist. 

einen Dunnfilmfeldeffekttransistor (52). der mit den lichtempfindlichen Bementen verbunden ist und zusam- 
men mit dem lichtempfindlichen Element auf einem gemeinsamen Substrat (12) ausgebildet ist, um ein Signal 
von dem Element zu lesen, wobei der Transistor und das assoziierte lichtempfindliche Element ein Pixel bil- 
30 den, wobei eine Kapazitdt jedes lichtempfindlichen Elements mit einem Widerstand des damit verbundenen 

Transistors eine Zeitkonstante Tpc in ^s ergibt. welche die folgende Beziehung erfOllt. um eine Echtzeit-Abbil- 
dung der einfallenden Strahlsignale zu ermOglichen. 



^ L*IFPS-ln(SN) 
wobei 

P = der Pixel-Pixel-Abstand in ^m, wobei -25 <P<, -10000, 

40 L s die LSnge in cm einer der Spaiten der Pixelsensoren der Anordnung, wobei -2 ^ L < -60, 

IFPS = die Momentanbildrate pro Sekunde. welche die effektive Rate ist. mit welcher die Anordnung aus- 
gelesen wird, wobei -1 ^ IFPS ^ -500. und 

45 SN » die Inverse des Grades, mit weichem jeder Pixelsensor ausgelesen werden muB, um abgetastet und 

dadurch wieder aufgeladen zu werden. wobei -10 ^ SN ^ -10000. 

34. VorricfTtung nach Anspruch 33, welche weiterhin umfaBt: 

50 eine Vorspannungseinrichtung (40) zum Aniegen einer Sperrspannung an jedem lichtempfindlichen Element. 

35. Vorrichtung nach wenigstens einem der Anspruche 1 bis 34. wobei jeder Transistor vertikal unter dem entspre- 
chenden damit assoziierten Sensor angeordnet ist 

55 Revendications 

1. Dispositif d*imagerie destine k dtre utilise avec un faisceau de rayonnement ionisant incident comprenant : 
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des moyens de conversion de signaux comprenant une matrice (50) de d^tecteurs de pixels (30). ayant cha- 
cun une capacitance pr6d§termin6e, pour convertir le faisceau de rayonnement ionisant Incident (10) en un 
signal de paire ^ectron-trou et pour m6moriser iedit signal au niveau de la plurality de ddtecteurs de pixels, 
ladite matrice de d^tecteurs de pixels ayant un pas de pixel k pixel P. en (im. et une longueur U an cm. d'une 
5 colonne de d^tecteurs de pixels de la matrice ; 

des moyens de commutation (52) comprenant une plurality de transistors, ayant chacun une resistance pr^^- 
terminde, dans lesquels chacun de ladite plurality de transistors extrait le signal memorise par un d^ecteur 
associd parmi ladite plurality de d^tecteurs de pixels ; et 

des moyens formant circuit ^ectronique (56. 70, 72) pour ^antillonner les signaux provenant de la matrice 
10 de d^tecteurs de pixels k une frequence de trame instantan^ par seconde IFPS. qui est la fr^uence effective 

k laquelle la matrice est lue. et afin de rdinitialiser les d6tecteurs de pixels pendant un temps suffisant pour 
atteindre un rapport signal/bruit SN souhaitd qui est Unverse du degrd auquel cheque d^tecteur de pixels doit 
§tre 6chantiilonn6 et ainsi recharge ; 

dans lequel la capacitance de I'un parmi la plurality de d^tecteurs de pixels lorsqu'elle est multipii^e par la 
IS resistance d'un transistor associd produit une constante de temps, xpc ^ MS. qui satisfait k la relation sui- 

vante, qui permet de ce ^it I'imagerie en temps reel dudit faisceau de rayonnement. 

100 'P 
^RC ^ i.iFPS'\n(SN) 

20 OU 

~25^P^ -10000. 
-2^L^ -60. 

25 

-1 $ IFPS5 -500, et 
-10 ^SN ^ -10000. 

30 2. Dispositif selon la revendication 1 , dans lequel pour une application de radiotherapie donn^e, 

-400 ^PS -1500. 
-20 ^ L ^ -60, 

35 

-1 ^IFPS^-lO.et 

40 3. Dispositif selon la revendication 1 . dans lequel pour une application de radiotherapie donn^e, 

-500 ^P^ -10000. 
-20 ^ L i -60. et 

45 

T £ 5430 fiS. 

4. Dispositif selon la revendication 1 . dans iequel pour une application dlmagerie de diagnostic donn^e, 
50 -25 ^ P ^ -500. 

-1 ^IFPSi -120.et 
trc^434jis. 

55 

5. Dispositif selon la revendication 1 . comprenant en outre : 

des moyens (80) destines k g^n^rer un faisceau de rayonnement de megatension ou un faisceau de rayons X 
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de diagnostic en tantque (edit faisceau de rayonnement ionisant incident (10). 

6. Dispositif selon la revendicaticn 1 . dans lequel la plurality de transistors sont des transistors ^ effet de champ k 
couches minces. 

5 

7. Dispositif selon la revendication 1 , dans lequel ladrte plurality de transistors sont realises en silicium poiycristallin. 

8. Dispositif selon i'une quelconque des revendications 1 ^ 7, dans lequel les moyens de conversion de signaux con- 
sistent en ladite matrice (50) de d^tecteurs de pixels (30). dans lequel un signal dimagerie. provenant de Unterac- 

10 tion directe du rayonnement ionisant incident avec les d^ecteurs (30) dans la creation de paires 6lectron-trou qui 
sont stock6es dans la capacitance de chaque d6tecteur de pixels, est produit. 

9. Dispositif selon la revendication 8. dans lequel lesdits d^tecteurs de pixels (30) comprennent des diodes en silicium 
amorphe hydrog^ne. 

15 

10. Dispositif selon la revendication 8, dans lequel lesdits detecteurs de pixels (30) comprennent une couche de verre 
chalcog^ne. 

11. Dispositif selon la revendication 10, dans lequel ledit verre chalcog^ne comprend du selenium amorphe, AsgSea, 
20 GeSe2 et des alliages connexes. 

12. Dispositif seion I'une quelconque des revendications 8. 9. 10 et 1 1. dans lequel lesdits detecteurs de pixels (30) 
sont d'une ^paisseur de 50 ^m ^ 2000 ^m. 

25 13. Dispositif selon la revendication 1. dans lequel lesdits moyens de conversion de signaux comprennent : 

des moyens (44) destines k convertir ledrt faisceau de rayonnement en lumi^re visible ; et 
une plurality de detecteurs photosensibles (30) constitu^s d'un mat^riau s^lectionne parmi le groupe consis- 
tant en a-SlxCvx'H. 0 < x < 1 . a-SiyGei.y:H. 0 < y < 1 . a-SI:H. et de silicium miaocristallin. chaque d^tecteur 
30 comportant des couches ext^rieures dop6es de mani^re oppos^e (32, 36) entre lesquelles est intercal^e une 

couche intrins^que (34) pour d^f inir une structure p-i-n ou une structure n-i-p. 

14. Dispositif selon la revendication 13. dans lequel ladite plurality de detecteurs de pixels photosensibles (30) com- 
prennent : 

35 

une couche (32) faisant fSLce auxdits moyens de conversion (44) et comprenant du a-Si:H dope, du Six:C^x-H 
dope ou du silicium microcristallin dope. 

15. Dispositif selon la revendication 13. comprenant en outre : 

40 

des moyens de polarisation (40) destines ^ appiiquer une polarisation inverse auxdits detecteurs de pixels 
photosensibles. 

16. Dispositif selon la revendication 1. dans lequel : 

45 

lesdits moyens de conversion de signaux comprennent une couche de scintillation (44) ; et 
la matrice (50) de detecteurs de pixels (30) est coupiee optiquement k la couche de scintillation, chaque detec- 
teur photosensible comportant une premiere couche semi-conductrice (32) dopee k un premier type de con- 
ductivite. une seconde couche semi-conductrice (36) dopee k un second type de conductivite. et une couche 
so semi-conductrice intrinseque (34) intercaiee entre lesdites premiere et seconde couches semi-conductrices. 

17. Dispositif selon la revendication 16. dans lequel lesdits detecteurs de pixels photosensibles (30) comprennent : 

une pluralite de detecteurs constitues d'un materiau s6lectionne parmi le groupe consistant en a-SixCi.xiH, 0 
55 < X < 1 , a-SiyGevy:H, 0 < y < 1 . a-SiiH, et de silicium microcristallin, chaque detecteur comportant des couches 

exterieures dopees de maniere opposee (32. 36) entre lesquelles est intercaiee une couche intrinseque (34) 
pour def inir une structure seiectionnee parmi le groupe consistant en une structure p-i-n et en une structure n- 
i-p. 
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18. Dispositif selon la revendication 17. dans lequei ladite plurality de d^tecteurs de pixels photosensibles (30) com- 
prennent : 

une couche (32). faisant face k ladite couche de scintillation (44). et comprenant du a-Si:H dop6. du Six:Cv)(-H 
5 dop6 ou du silicium microcristallin dop6. 

19. Dispositif selon la revendication 17, comprenant : 

des moyens (80) destines ^ g^4rer des salves de rayonnements de m^atension en tant que lesdites salves 
10 de rayonnements incidents ; et 

lesdits moyens de conversion de signaux comprenant une couche de conversion (46) pour convertir les pho- 
tons des salves de rayonnements en Electrons, ladite couche de scintillation (44) convertissant les Electrons 
cr6es dans la couche de conversion (46) en lumi^re visible. 

75 20. Dispositif selon la revendication 1 6, dans lequet chaque transistor (52) est un transistor d effet de champ k couches 
minces. 

21. Dispositif selon ta revendication 20. comprenant en outre : 

20 une couche d'^lectrode sup^rieure (38) qui laisse passer la lumi^e visible afin de permettre le passage de la 

iumi^re visible provenant de la couche de scintillation (44) ^ travers ceile-cl ; 
une couche d'^lectrode inf^rieure (22) ; et 

dans lequei lesdits d^tecteurs photosensibles (30) sont situes entre les couches d'^lectrodes sup^rieure et 
inf6rieure. 

25 

22. Dispositif selon la revendication 20. dans lequei chacun desdits transistors ^ effet de champ k couches minces 
comprend : 

une r^ion de contact de grille (14) ; 
30 une couche di^lectrique de grille (1 6) plac^e sur la r^ion de contact de grille ; 

une couche de a-Si:H (18) plac^e sur (a couche di^lectrique de grille ; 

une seconde couche di^lectrique (24) situ6e directement au-dessus de la region de contact de grille et con- 
nect^e k ta couche de a-Si:H ; 

une premiere region de source a-St:H dop^e (29) et une seconde r^ion de drain a-Si:H (25) connect^es k des 
35 parties s^lectionn^es de ladite couche de a-Si:H et posittonn^es sur les cdt^s opposes de la r^ion de contact 

de grille et s^ar^es par ladite seconde couche di^lectrique ; 
un contact de drain (26) en contact avec ladite seconde region dop6e ; et 
un contact de source (28) en contact avec ladite premiere region dop^. 

40 23. Dispositif selon la revendication 22. dans lequei : 

le contact de source (28) est connects k la couche d'^lectrode inf^rieure (22). 

24. Dispositif selon la revendication 17. comprenant en outre : 

45 

des moyens de polarisation (40) destines k appliquer une polarisation inverse auxdits d^tecteurs de pixels 
photosensibles. 

25. Dispositif selon la revendication 1 , pour m^moriser et r^cup^rer un signal dimagerie obtenu comme r^suitat de 
so rayons X de diagnostic dans le but de r^aliser des images en temps r^el. dans lequei : 

la matrice (50) d'une plurality de d^tecteurs de pixels est agenc^e en rang6es et en colonnes. 
chacun desdits d^tecteurs (30) comporte une premiere couche semi-conductrice (32) dop^e k un premier type 
de conductivity, une seconde couche semi-conductrice dop^e k un second type de conductivity (36). et une 
55 couche intrins^que (34) intercal^e entre lesdites premiere et seconde couches semi-conductrices ; 

une couche d'^lectrode sup^rieure (38) qui laisse passer la lumidre visible est connect^e au-dessus de ladite 
premiere couche semi-conductrice de chacun desdits d^tecteurs. 

une couche d'^iecti-ode inf^rieure (22) est connect6e au-dessous de ladite seconde couche semi-conductrice 
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de chacun desdits d^ecteurs ; et 

la plurality de transistors comprend des transistors k effet de champ k couches nrtinces (52). 

26. Dispositi'f selon la revendication 23, dans tequel chaque transistor k effet de champ k couches minces de ladite plu- 
5 ralitd de transistors comprend : 

une r^ion de contact de grille (14) ; 

une couche di^lectrique de grille (16) plac^e sur la r^ion de contact de grille ; 
une couche de a-SiiH (18) piac^e sur la couche di^ectrique de grille ; 
70 une seconde couche di^iectrique (24) situ6e dtrectement au-dessus de la region de contact de grille et con- 

nect^e k la couche de a-Si:H ; 

une premiere r^ion de source a-Si:H dop^e (29) et une seconde region de drain a-Si:H dop6e (25) connec- 
t^es k des parties s^Iectionnees de ladite couche de a-Si:H et positionn^es sur les cdt^s opposes de fa region 
de contact de grille et s^r^es par ladite seconde couche dl^lectrique : 
15 un contact de drain (26) en contact avec ladite seconde region dop6e ; et 

un contact de source (28) en contact avec ladite premiere region dop^e. 

27. Dispositif selon la revendication 26. comprenant : 

20 une couche d'^lectrode inf 6rieure (22) form^e Int^gralement avec ledit contact de source. 

28. Dispositif selon la revendication 27. comprenant en outre : 

une ligne de polarisation (40) situ^e dans une colonne donn§e de la matrice et connect§e k la couche d*^lec* 
25 trode sup^rieure au-dessus de la premiere couche de a-SI:H de chaque d^ecteur de ladite pluralite de d^tec- 

teurs dans la colonne donn^e. 

29. Dispositif selon la revendication 28. comprenant en outre : 

30 une ligne de signaux (54) situee dans la coionne donn^e de la matrice et connect^e au drain de chaque tran- 

sistor k effet de champ k couches minces de ladite plurality de transistors dans la colonne donn^e. 

30. Dispositif selon la revendication 29. comprenant en outre : 

35 une ligne de selection de grille (56) situee dans une rang^e donn6e de la matrice et connect6e k la grille de 

chaque transistor k effet de champ k couches minces de ladite plurality de transistors dans la rang^ donn^e. 

31. Dispositif selon la revendication 30, comprenant en outre : 

40 un logement blinds (60) entourant ladite matrice de d^tecteurs. 

32. Dispositif selon la revendication 31 . comprenant : 

ledit logement bi\nd^ (60) comprenant une couche de conversion de photons en ^ectrons (46) ; et 
45 une couche de scintillation (44) form^e sur ladite couche de conversion de photons en Electrons connect^e k 

la couche d*6lectrode sup^rieure (38) au-dessus de chaque d^ecteur (30) de ladite plurality de d^tecteurs. 

33. Dispositif selon la revendication 1. comportant une plurality desdites matrices (50) de d^tecteurs de pixels (30) 
empil6es les unes sur les autres, chaque matrice de ladite plurality de matrices comportant une plurality de d6tec- 

so teurs agenc^s en rang^es et en colonnes. chaque matrice (50) comprenant : 

une couche de scintillation (44) pour convertir les signaux de rayonnement Incident en un signal de lumidre 
visible ; 

des ^l^ments photosensibles (30) comprenant chacun une premidre couche semi-conductrice (32) dop^e k un 
55 premier type de conductivity, une seconde couche semi-conductrice (36) dop^e k un second type de conduc- 

tivity, et une couche intrins^que (34) intercaiye entre lesdites premiere et seconde couches semi-conductrices 

un transistor k effet de champ k couches minces (52). connects auxdits yi^ments photosensibles et form^ sur 
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un substrat commun (12) avec iedit ^l^ment photosensible, pour extraire un signal dudit 6[^ent ledit transis- 
tor et r6l6ment photosensible respectif fbrmant un pixel, dans tequel une capacitance de chaque 6l^mertt pho- 
tosensible lorsqu'elle est multipli^e par une resistance du transistor connects k celui-ci produit une constante 
de temps, xrc ^ pu> satisfait k la relation suivante et qui permet de ce fait llmagerie en temps r^ei desdits 
signaux de rayonnement incident. 

100 



'f^^ L-/FFS-ln(SA/) 



ou 



10 



P = le pas pixel k pixel en ^im. ou -25 ^ P ^ -10000. 

L = la longueur, en cm. d'une colonne de d^ecteurs de pixels de la matrice. ou -2 ^ L ^ -60. 
IFPS 3 la frequence de trame instantan^e par seconde qui est la fr^uence effective k laquelle la matrice 
est lue. oCi -1 ^ IFPS ^ -500. et 
15 SN s I'inverse du degr6 auquel chaque d^ecteur de pixel doit 3tre ^chantillonn§ et ainsi recharge, ou -1 0 

^SN^ -10000, 

34. Dispositif selon la revendication 33. comprenant en outre : 

20 des moyens de polarisation (40) destine k appliquer une polarisation inverse k chacun desdits elements pho- 

tosensibles. 

35. Dispositif selon I'une quelconque des revendications 1 k 34. dans lequel chaque transistor est situ6 verticalement 
au-dessous du d^ecteur respectif assod^ ct celui-ci. 

25 
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